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^ TO 

. <m^>hi<) fen % wft 

-^7333 I 377% ^ 37 33 ^CT I 377% fen TRT 37^3fa 377% $d)<rl 
^ci'HIcj ^ f|5T 'j|M^) <%%3 377% 77lH*l 37%t %t fac^l 3R* ^ I 

^rfeft % fen %t 3 if few, “37nA 3^r *n f% $ w fer ^ 

^7 ^Fcit ^|3^T*7T3?3I^t3 3713%t, feTffit ? 37fc 37^ 37T3 373^ 
oi'cH 7^ 7?3 7!? fM” 

fen-^t ^ ^ ^ W 3 3^ 177 ^7 3 3173 ^3 ^T3 

33333 3 fa ft ^ 3^, 7£fft fen 37331 3^73 3# 3fe 3%%l 

3f 77^7$ 77^313 % 3ft 3 ft ^ 7| ft foTTft 3*7 f33Tf 333T 3l$dl 
ft I ^ 33ft 313 33 Tfl *71 % 3^fft 3^1 TTlM ^ ^cM ftl I 3 
ft f% ft 3^, 3f <j*7 WT 373ft 373f ft TT-Ttl” 

“37ft 3713 33T ft? ft ?” 77lf33t ft W I 77 M ^Mdl ftt f% 


3K3 % *33 35pl #3-5fR5f 3R 313 35*% I «ll=(^l 3% 3i>3 

%53T %, <%1=M 31*3 3*1% % %3 % I 3? %33I3% 3?fa Hj“J) %% % % 
f%3, * 1 * 113351 * 3%* ^3 % i ei? % % 3 ^ % 3 ? *13 % 3 % % fan 

% %3I I 3ff%i , #j]W 31% 1%33T *p3 %, 33% 333 HR: %% %t 
3lf5|3 *13% % I 31*3 53% 3$t % f% 35%-35%, 3%-3% «jJiRH *113 
% 51* 531% $| 31*3 % f%% *llM % 33 % 3ft 333* «m 
31*3 % 3551, "P* ft*l% *JJI %3 33% %, 3# %%fS3 371 351 
*M$HI* I 3%* 3f3 3R3 |l 33% 313 % % 33% *T%*3 351 331 
3*131 1 1 3c33H — 31%% % %3?j *1*3 1 1 ^ ^3R I, 

3I?3t t, 3%* f3^335 f I 33% 31% <p f%31 # 33% 3f5 3t%313 
33% % 3f33 *335* 3% % 33*3T f%31 3T I 33351 3R % ^33 31 
*F3f#5l*R3*%3%%f*13, %f%3 31353i3*rif*3%|3lk*135f?%33 
3513 3^ I %3%l” 

33 f® 313% %l” 

“*pi 31% % 3^3 53n3% % 71133,” 33% 33 3% 31? 31% %t 

3%f%71 3^ 31*3 % 35?T I 

“3? % 53 31 f%%* 3^ t f% 3U3 3lk 331 5313% I,” 3#% % 
fo*t 33*n 

31*3 % H*MI3>* 33 % 33 #31, “3? 55|*r-*% *lf%t 331% 3% 
3%f7I7T 3R #t t!” 

3%f% 35?T, 3?R 3jk 313 317J3 % % 7II33 3% 3l*p I 

3% 313 3 31% f%31 %t 331 *51 *31” 

“3% 313 3 f% 55R33R 3% 551=33% if #TQT 1 1% 333 % %35 1^5 
3% 313 33% ijcj % 55(1%%?” 
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13 w it %%3K3%1%#3f3t3T%33i3%! 

33 % fan % an%?T it 3333 3!it, “ft3 3t 33 33 '5^; 3 fnm 
333! ^rwwt it?” 33%t 33313 ^iq Tit «ft i 

333%#3%fJ3if33t3!t3it3%igT3ifcij3!, “if% %it 31 3RJ3 
f%3i, 3if33t? 33! gp 331313 % 3T-3N 3 ft# «ft?” 

“if,” 3lft# % 331 f%3! I “33%t 3t 3§ET it «rfWM 1 1 3#t 

it wi i 331313 % 3=3 % 313 fan qfeif % 333 % 3=33# 331 # 
sff, 3=#% 33% 3m-ftn %t 3I33H 33 fan sir 1 i?hh 13 3ra %t 

3lf 3H%, <%l%3 33% 3f-313 <>im% tf 1 13% 33f 33! 3-^W 13 1131 %t 
ftqft mi sft ftn % 3R %t ^fqgiq 31% #i” 

3R3%3!lt, “3^ 313 3313% 3lf3# I 3HHdt It f% 331313 3 

133H 33% 33 <£H3 3f%3 %31 #3?” 

“4 if,” 3lf3# % 3^1! 

33 3# 3T33T?” 

“S^t 31333 f ” 3lfa# % 33K3T # 3!H, ‘ ‘#%3 33 3# 3133! I 
if 31 3lf 3!33t f% 3JH3-3fe3f 3% 3331 % 33pi 3lf 3% ft3f% U3 
3=3 3ffc ^33 fa#! lt3I ft i 13 3^t 33!-^% % #33 # 33!i33 
33% 1 1 3f% if 331313 # fa3H 33%ft 3t %t 3F3 33 3313 33% 
#33 31 3%3T #1 3%1 31% 33! # I fa 3333 1 1% #%t %t 1RR 3t 31 
3% l” 

3lf#% 3% 313 1J333 3113 J$3 % 33% ft 3!1I, "13 f33H fa 313 
13133 3 5!#, 3T«qf% I f%H3! %t %3ltt 3# I 3lft# 3% 3313 33% 
33# 3t 3#% 33% ftR 33 1T3 3333, 3^1f-%3 3 3^1, ”tl3f3Rt, 
% %3r! 33! 3113 1 % f faf%3 %3 3U#3f< ^1% 313 1 1 33313 3 
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-STT8HT cf^TT ^RT Wf ^ I M aRRRT t fa <t^RT 
^T 'HoMcJM W ^l” 

<N$HI<) 333R 3^T *TT% cTHt cTt 3T«qfcT 3*fat 3TR 37*7^ 

^ 3^k 6'Sl RTRT *R ^R <4)fa 4 ‘<Hlfcfa <rl'S c bl fan ^rffa ^TT I fd4l 
^T fcRT fall 3T^5T I 5*1 «b) H<SK % <=bk u l 

^FT STRneT R fa” 

RRS % ^Hpf RR^bK 3 ^T, ‘fa RFTeTf ^T ffa Rfa ffalR 

fa fafa 3?facT I ^ *ft fa fafa ^ W31 fag d^fa fa, 3T§ 
RRJ* 3ffc fyififa ^TRT % RR2J if }fa OTfa 373^ Rsl^dl 

fafa” 

^ FT RRg fa W T TeRT ffafa I fafa-R^c|H ^T ffallfed faR 
^gcTR£fa $TTI TTff^dl fa fa RRTcfT ffa f^frFTT ^ ^Ffa t 3cFTT Rgd 3 

Rfa 

Rffa ^ Rfa *J^fa cfa fa Rfa tRT-faTT 3fa offa 

fa ^cfa d j ldl, <Hl[c|^] fa 37RsT ^crl 'did) I ^TR?-^^. 3Rfa fcRT 
W?- X2 7R fat RTcTT-ffa % fsfaT fa fa ^ fa I ^TTR-TR£C 

% fa fa ^Tq-cfT faT-ffa7 I 3T3RR ^ fa 

% olldMlui if ffa fd'chdc) fa fa Rlfafa Rbfafl ^ *?fa fa fal 
WT^R^t^cR^I RR ^ RRR 3fa fat fa^ R* WRT TfcTT ?JT ! 
faffa fflfafa 37fc 3fa 'RRT-'R^ % °H4$R fa *RT fa RRT R 
f^> ^71? fddl 3% fat cRI? <91*1 '3fT < 5 ! %l 
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37lfisR^>lR-f^T 3TT I cTT? ^ | ^ff tr 

^*?i4f, ^ t^T-WT ^r 37q^ ^ras|f rr R*ff i wi % 

Hldl-fadl Rfdd, 3<^RT ^$<1 ^ 3 Whi-3Rhi ^TR-RtFST oRt I T1?-T1? 

^d'l °Hi$<ri £)dH ^ ^ 3^U <i^c! f^> ^i(q^] ^ -H$l R 
^TcTT 4* 3TOT ^ ^cft I RR % ^RTH 3TOT 

dilH RR TlS sftl 4}^ i?lRt> R*^f ^ftl 

m*&& C^ft % fclR ^ ^ ifcR f3J! # *ft 

33h 

STM aqrq% ttt«t ^fti ^?” 3^ ^i 
“RRf?” WT^R^^r, “37RR5R tl A ftR 

^Rt 37 RcT t ^R-3«R ^ feR ^TRft # 3^ Tit ^1# l” 
*TTM%TJRRI%^%TRR^fJR^, “37R^^fRf 
SRT, 3TTOt ^sRft 





3WH«h flcRqM R*t RT RfRT 33f, 3JR% RfTR ^ RRf Riff ^Ic), 

#3T?” 

RcRc(H % fefR RTCRR *Rf 37F0f 3 ‘fefRT, 

3fet 3 ^icHK! RTRT ^Rf $?” 

RT ^ R7ST, “R?f, ^[ sfe ^ WW& ^ <=bfftl*l RR T# \fa 
RR#-RiRt R# R^f <^TR RRRT ^Tl%TT | ^T #*3TRf % fe* fef «ISdl} 
^1 M 1 1" 

“Rt ^ ^fTT R^, RT? Rt ^ # 3?fc RTIeT RR ^R ^RT 
WRT ^1 RRRif RRTS RRR R^t ^k.. ^ Rt Rt, ^Rk RRT fef 
RRRtRT?” 

^RTRH eft ®nTT IfTRR Rlfa4) RiT fel ^jR% eTRT, ^fef 3TRRt ^R?TT 
R^T %RIRR, fe f573^^I, “37Tf ! Rft-RTT^T RR RR ! ^sfc... 3TT3T Rt 

RferRft^RRFRffel RffeT^f^Rferffe#R*^/#t^ 
R^fl RIR Tfe^'ll I 3TR% W fel 1 1” 

RR?f-Rtfe ; X3cF-^ ft Q§j$W RRflft RR RTRRI RRft dlMW* 
WR «p5Rf R^RI^ftft’RRRftftft^l^TR RcRcjH % RTRT-fRRT R^f 
W fetf Rt RRRR 3R^i RR% fet RFTf I %HR%RKfcRT 

rtr nft i ^rri M ^ ftRT rrtrt fen Rift rr% ^ ^ri ft r 

ft I RRfftt «!T ffe Rift STRsjf ft 3ft^R Rftr RFt t RR RR-RR OTR 
R^f RR^Idl Tft, “3RR Rft 3fe Rift 1R1 3}fc WT ftf RRRR | i 
3fe fef, RT^lft' 3$fc RRR ftft % 3R#^fe R§t RR^CR 1 1 3}R ft<T 

RPR ^ ft lift ft tl” 

RTRRT ft M^R RR RcRRTR % 3TR5f cR?? ftTsf-RTRf RR RRRft % fciR 
Rep ^rt, 37k RR%'fe m <$<^\'4\ R?nft rtrt i Rrtftft ^ftf rr* 
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<i<adl Tit 3F>lF Tt TIFT 1 37T ^ I ^1 TTfa Tit sft 

fa> TIFT ^JT 'd'ldl T T^£ % TF*T *t it TJ^T!RT% T Tf<T ^R ^R ^Tft I ^R?r?t 

■cicrllcl-'^eilcl 3i^Mch TRT^R % 3FRT fTR 2JFT f^RJT 3Tk crl-so-sidl 

♦ ♦ 

13TT T T# % Pl^d 3TFTT I 

' ‘sin f^Rt w iter ft t# t far 3,” i?ht ^ir *n % fro* 

^1 *{p4d it 7 FTT I 

TTlM ^ TJRT RfcT ^>T fTR SFRt'Htl^f 




33% 313} 3^1 ^ 
3RIH< ^' ^ 3PH 3& <R? 33% 313^ 
^ *ni 3? €33 3^ 3333 33T 3rar 

?I3 W-*R % 3RJ3R % %3 tR 

3WI 3lM 3 % 33I3R ^ ^ 

wn * *1** afo * ^ , 

^ %^33R 3^1 

^^3Rftl “f3T3R%3 ? f^ l ^ 

3 ’™ fs gr?% |i” 

^ ** 3% | 31M 3R? ^ 3?I% | 

**# *** ^ %£ %f ? ^ ^ 
m ^ 3^ 31 |% ^ 

^’PfRTO^Traf, 

^ wm ?r 3%i 3^ ^ 

W, “STO ^l^'ll I a3T 3W3 ron % 



^RTT |? ^ 3fFI% fe if ^rf fefe feffit Tit, 

‘ ‘crHdvl 3TOt «l^d ^5 ^IMHI -cfi^cll T^j afRT ^ <H<t>d) ^? ^TT 3TN 

?R TT^ % 3TPxft fe ^ fet ^cRT % ?” 

^ ^°<dl % 3?Pt -dcld-d<nd <=b$l, “fef, ^f ^RT-^RT crh J Tl % 
ffe # 3MT |j” 

‘ ‘fe M*T #nf if «t 0 ( ife 3RT 33fcRSff if 3^T feR fe 

^ fen w? 37k fe ^#f 3 *rr? ^t fe fen ?m” 

“*J<3 ^ fe t,” WT5f fell 

fefe *T?fefet ^fe fet fen 3TT SFfet % RfT?T cfv^R 
feRFR ^T fel 

‘ a^TR t$ fet "I, ’ ’ 3fe ^i, “kt ferT 4 )ch ^t feffen, 
5^1 <+1 4vHdl <fe <=tRdl "t ? fert % >3t*H % RFR it 3Tfe ^T 
feeTT 3R feT 3^RfRT t i fe fe fef fef fe 4 fef 1 l” 




^ ' **■ **’ V % Urn *» « 41 *,» * 

* Vejsuv,:*"*"*™-** 

jJ5 ’ ^ 3W fro ^r ti 

a J 5^S?t?i5TJ5t5i 

^ % ^fr gro ah^ "to -_ „_ft J. 

'Hllq^) ^j)-cj} ^pjf| 

*?* ^ £t s *T*i?i*' ^ * 

^ ^ ^ -37k ?fT\ | ^ 7T ^A A. 

^ 5IW «at % n^* ara ■» 3 * ib^r* *. 


12 



w*) <m?i, "31FI «it^f tR s|l” 

RR ^ 3RR?t 3fa R^R ^ iJiaRR “^R Ri^Rt rrt ft, 

RiMti Rft ^ 3 ot^ Rfa rr RtRR RifRt ft <it cp ^rrj fRRrc slf 

tl RRffR! Rf ?TO Rff 1 1 RR R Rt 3FRT RRR RlfRT 1 3lk R fRRft Rtf 

rIrr crterai ti RR^rt?” 

“3ltf, R?RTRt?”RlfMttR5tRtRitfR*ffRITRRR^n “Rft 
IfcTROT RIR f 1 ^fRR RR Rt 3RR^t RRRR 1RR1R ftRT fsc 3RR Rt 
ROTt I, RJRt f I t R?” 

"fRif 3t=F 3lk RRIR Ril ^t| RRR Rffl” 

“3T^r,” RiMt % 3 rs4 ^ r^i, “I^Rt 3*ftR rtr t 1 rrrr 3 

ft RR ^ ffRPT i[ Rf RRI Rtt RRt I Pb f^RIT Rft ROT RRRT 

RlffR # RtRI ft I RRIR ROT Rft RRRT RlfftJ I RlfRR RIJRf 3tR5 RT 
‘leld Rf RR %RR f 1 ' R^pit % iRR t, tRRT-Rf % feR, Rffl” 
“RltRR JJcJ R5t RIR 3WI 1 1” 

“4>*l? H.Sl'W Rt Rft dlR. TRRRl t fR> Rt RTR RtRR OT RTPJ^t Rft 
ijRt, OT Rt RTPIftRt RltfRl” 

1 ‘ t£R f^ RIR Rlt fR R7f Rtf-RTtf tft ft % Rf R^jpf RFFt RFTRt 

tl” 

“$TRI RTfRt \" RlMt t R| fRRR tt RifI I “ti 3fRt RIR R^t 
^Rt R^f Rj^Rt I Rtf RRT RlRR fR RlRi ROT RTRt RTI RRR RRt Tft t 
Rt Rf 3tRR ft t fc... I” 

“Rfit, ” RR % R^T I Rtf tf 1% R<f eRflR 3lk \ Rt ^R Rfet RRRT 
#lf ftPTt?” 

RlfMt % r| ftf 3 RTcft RR1RR R^T, “# RRI 3RR g^t ^ 3tfc 
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=TCIR ^*t? HR 3^ iqiqR t 3FR!” 

“itfai qii Tigiri itai ri rrrii” 

“'a?f ( awf,”'fflM^a^n “qq#eFiiPjii ^sFiiiiitqHR 
if it sfrt rto quit it i” qft ftjSFlS q* =i? #*Ft Rit i 

f*R ^ srsrFR; «n?r 3u Tjqt ^ “^t, arci qgj % 

fRi rfrf quit it faiqa qqqn sin} ijrf n % qrcq ferar 
tiqn qgaiiti ^arsnaq^if! wiR^aRaaia^TT? 3^3H% 
fR^ 3T«n qqr fq>q q^i q>F irf ?” 

qi c h5=»H qi R*t at *Flfai) % f*R IFIF, “Jjitqft F^ll f fq> 
^ 3?ii qgj qtt qii it 3TRft 1 3TR ^ 3iatt 3iraf qtt qra qti 
1 3tf m# it qui I liqq it if i*ff iff feft?” 

“qqi?” 

“3?q%fqcir3^3iq^^%^%1rR : t*tat3jkggi qT3 qi 
t la; sra iiif qqf ^t 3Rif«RRt ^f it ^1 33 #ait i fa; st^i it 

f 31 % ^ SFR^ qi q^ if liR I II qisft qi IRI |qq 3?fc ip 

qf fqqt qFi ? qi it hff n qii<q I £1 qi suit qqi qi qpp: 5k 
*pt qqii I 1 ?” 

“lii” 

“qm qi tq^irfw q^a qf I”, q]M a iitoiF f fa* fiRFi 
f* a^iF 1 “rir it *hf, irfr rirf, qiqqt' 3?k qiqqi' ft y«Frfia 
cFTRT, 3lfc =R q*JR qii % fRFT qifqiftqt' qi iH-q* if qqiF, iait 
it iiiF far f qq q* qai ? qqi qi qi it inn iir f tf qa^ qa 
iiri afaq ii fa it, 3?k qfaqfa w ft 1 qaFi 1 iqqi 
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% rtr ^ rtfcT 3qfc r? ^rt Rifei* sr% 

TPR if cftf ^TT ft dff t HR% RTR RfcR, RRfT RT R^ RR£ Rff 
t , fR^t Rt ^fr R£ f #Tf R^t R^ft R?t 3TFRTRt ft, 3lfc ^ 
^jq-oq^n cRt 3fl#eRT frfR ftRR RR R% faR$ fo RRI d^IRRt 
^ Rtf RT$i” 

fR «JpSRRt TF5tfRTCt Rtf ®rrrf ^JtfRR RR Rtf ft Rtf 3RRt 3RM 
RRtf ‘ favr$d cftR> Rtf? Rft ft cjjtf I 'Rltf 3^k tfRIRhdl R?t 

RRRi ppTRt* 3 farst RRJtff 3 RTff ^qy^l Rft t T 

RlfRRt tf W, “3?k ^R% fo^ RW 3TTR3RR t TT3TT3qf % RRT 
f^FTF fRRtft fRR-RTRT % ^<rtci ^i^l, dTRlfRRR Rtf ItH^lfedl Rtf?f tf 

^ t tf?” 

“3^T, m RR tf R^T! “3RR tfrRlfRRtftf % R-kdfRH ^ 4 1^1 ip 
ft SRFtfRtfTT RRfRRt' $ 3TNR 3 ^ ftRTl” 

RTMt f 3M^ 4tf RTf^T fcfRI i 3R% ^ Rtf ftfRRT 3tfttf 3RRTt 
m T Fft, 3tf1% f[jR R^ Rfc 3^t tfj^tf STRsft 3 3^Zq^ R% I 
RR f 3tfI2j4 ^ t&I, “RRT |37I, RlfRtft?” 

<; 3TN fRtf ^feHH t, R% t,” tfTffRRt f 3ft tfflR Rtf RR Rtftf I 
“p^ fRSCTR t fR> 3TTRtf 3t Rtf R^t RRT RR^T eft ftft l” 

RR fRRftfRR #Rtf eft ! *!lfddl RRT RfR tfft t Ri? RR^% R^t 
c^^IRT RRtfT ^RT ft RT tfJRtftf ^ fRT R?t fRRT Rtf 3RJRR tftfRTtfT I 
RlfRRt R^T, ( ‘ff #R tfft ^ fc Rtf RTR ^tf fttff TRRt Rtf 

3tff WRR> tfff ftRT I ft ftfRT 3^ ^ R^ % R# Rtf RRT ftRT ? ftft 
tj^ % rj^ fR^Rt 3 RRRkTT 4«rl J il, RRfRRt ^ fft— R^t RRR ^ R 

3fTR% ? R^cpf RT TR) RS RfRRT R^Rt, RRT 3^TT§ ft RT^Ft, Mi^dl 

♦ 
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^ ^ ^ i 4 ^ 

^ * S J^, I” 

Stt'ZXS'FiT***'”**'^ 

^ *W, “»* 5® t fe ift «■*, 3,^, wrt ^ ^ 

1'S'f ^ f ^ ^ #R W , ' 

g-. r-tjr-i-1 C— ^4 ^ '^ C| ' 1 *^F Hinid [ 311^ TKl c^ ^ ngjf 




twii^m 

a 




RR^R^T, “RR^k^kR^T RTfaR R<Rc|H RTTqftRTRRTI^I cf*ft 
RTTRT RTffR RT fR> ^kt RR^ R^ R>tf RTcR ^!” 

R>!?k Rit 3Hiq*qcbdl f5R RiRM k ^t~^t q«;M RlfRRt R^ fcf 
R, RR ^ ^ I WIRTR 37Ri Serial 1|37T 33 ^31 RIRl eRt Rfe ^ WW 
%\ ®RTMl^3R3x^f3^^q3T^f^^f#RTt 

d->l<rl 37^TRRT % FTTR fRRTt oi4l 'Hl^ll RT RI q?T l| I % fMdl 

3TRi qt fe RRf 3?k ^ffRT |37T WTT3 4 I ¥R 37k cTO 

RR rM IR Rt ftofll 


qRR R RFT3T 7RTRT I ^Rf 3RR RRIRt ^ RRjf | Mk-kft, 
RTR-RTR eft RRt I RR ^-RfTRtf WT 137T 37k 3RTf 3ST 

RfT Rt REF feq 37^JRf3 k RlfR# 37RRT <£dlR>< *p, 

37TRT ^S, fo WR k 3R^R RR RI^R ^ f|3TT RR^t?" 

RTfRRl R R^RIRR ^f, “fRRRt, WH R^t HldMl k RIR ^ fkeft 
Rt 3#t ^ 3RR^ RRRRt 37k ^ R^t RfRtRRFTt % Rk 3 RRTRT I 
77TO ft 3R?ft R!? ft R^T fc 3Rk ft RRft fR£IR fttR ^ 3ftk RRTRT 
RT fa ipgft 37fRRJ R7^ RRRRTR ftt 3TRT ftkftl 

^ k ^ 37RTT Rft ft* WR i|37TI 37fqRJ ^|Rt^IM1 

ftkr ft ftcnft — k*i ft7i 




'Hid fiprt m?n 


TOft ft TT5TT ftp! "to % fftR ft ftFKH 3ft 333 ft i 

^ftft -q^f eft wi tott ft 33^1 3to m 3it% ft 3i3ftftrft eft 

toT333ft i WftoRqT^TMft^lftft, ftfftft’3lh 

toft 37 33T ft 3to *TT3 ftcIT I 

WHKd % ftk 'il’M'+i 37fi|H^i% ^ <HI M'OfSrTcF R3? fft3 33> f|R3 
37 ^ 33T% ft I ftVIHI 3T333 ftk ft 33§ft 3VII3! ft to TO ft 
33T, ftto 33 3ft I f%371 37 to? t f% ^T33I eft 3fl3 ft ftt, 3*K 
3ft 3^33133 33 t$)-s ft I Iftft) ^Hc|< ft NI3d 37k ftfl ft «xiM<ildl 
ft? ftff 3?3ft 3I3T ^TTeTT «7T 3?k 3J«f ft 3RT ^fTeTT f I 3Rt f|T3 3R3T 
TOTT eTT TT3TT 33ft 3T3R 3^ ft *£33^RJ toft % 3^ "ft 3337 
ftt37 cb<ft<=Kc) ^i J le1 % fftc^ficT ft3^ 3||3 3ft I 33% 3Tft 3>ft ftifc 
?>3 3ft ft I 3*TT 33? 3ft ft I 33ft 3% to ft ^ ftft ^TRT 3T3 7ft 


I 2JT cRi fen hU| ^ g3«w<l 

fen ^t, ^mr effort 1 

3-(-c(Hch 7J5TT % ^yfsT fe ^ 4 ) % 4)' c l n^> <3lcril ^TH % I <= 1^1 

^TRt-'nFft ^ ^ I TRT % W *TR* T p5T, 

“■^m fen, A’ 3#rq^ ^t ^ 3 ^ ^ tfq ^t tit^ ^ ^ 

b)Me1 feH cKrll^l l|j cR ^T 37ft HS?T 3 hni ? 37N^ 

fe ?” 

ssu^jui TRn# ^t rh ^ihW *n i fen ^ ^ 3fe fe fe' ^t fer 
STTI feft TmT % sr^T =FT 3 tR fe tfe I ril^m % 3rft ^T fe ^ TRT 
nfe # 3n^f "|3n, ffe feft #3T fe W ^ l$fe 

fe, fe feft fet 3W 3 ffe 3TOT ^r^T fej*n I TTfe w 
37ft fe?l ^fffe fH «TR *ft 3 tR fe tfe I TRI ^ $<n1 ^ 

<rt rr fen ?n fe TRRTt fefet, fe #*? ^ rpt ^ 

®nfe RR fe 3fk 3-H«=h1 371^1^ fll^ u l ^ fef ^ 

®ffe SRT fen A sfet 3<H<i} ^ ^T, feRTI 

37®T # TRT ^!R ?fe 3M I feft fe WT «**»d *£? 1 1 
Ti^ TR^fe ^ ^ T7RTR TT5TT % 3^ 3 tT 3tR n ^ ? <MI ^ Rt^R 
fe fe feft 3fe 3T^T ^1 3 tR ^ tfe ^ hR u IIH 3T^[ 
fefeni ffe *7t TRTI^ TT^T 3TK ^ dl^cl ^ I 

^5 *ft H^f I 

^T TRT 3TI^ ^ 'ft Tl? ^ I 3-^1^ ^<91 t^FH 
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W eTO^^^WT^r^^33rf^PTTI SMTOT^cfT^ 

3 ^tt ark mm % ^ % m feroii 

?TR % ^1 

^FT Wte ^ 1*5 q^f^TOI ^ q* 1*3 TO qT3 qt OTt 

to «rt to i um eff^RT #ro ete q%i 

ITO TOfrft sft c^t SqfeTcT *JT ^TTOT *3fT ^ TOf 
^ ^sT TO SIT I ^ ^ fTO, "SFfcF % ^ ^Tt % faq I ^tfTOT TTTO ^T 
*ih)<*> qtqf *f ^ Irort qit q? tott q^f *tt i *mt % % mz iro *pft 

qi qro ^ qpti 





3ilRsK 'Jl®1 ^ 33$t 

^9l, cS-H f^3 oR^T ^T f% ^1 J lci~ 

c ||faqf % faR qq ^ q^f ^FRR | 3?k 
ft* TRTI q^T *3 3?” 

sjqt R^t-^feqT R3T f%3T qRct 
% I 3hmH I cfclH <+><cl 13* 33?ft 3 hh^ qjq 

3 q^r, “fi, q^r qt «ni” 

“qfq 3RT T TRTf 3 %*, # FT 3q% WTtartf q%* #’?” 
fjrft % Tpr, “<J3 3RT %t^qrqqRTt^3? Rf 

ctHMfe rif ^T 33RT3 3ff qSftl qqf %t*t q?ff?” 

% foq % Rt qRRcft % qidl%) 3 q^T, <<T TH ^ ^ 

cjq^ -qf q^ f% Rq 3R3t 3Rif ^ ^§T, 3t?” 

“# «ft ^ cT^RT fq^RT 3f M," % W ^ 1 

“3RR c£q 3TO3I 3Rlf 3 WI ^9t qt?” 

fjrft % *c|)^cr q^f ; “%ri 3w? q% ^tt ti? "it? 

WT)-WT) qqf 31?t qi|Rt qqT qT3 t? 1R TTiqq ^f 3*T f=t^ q& *tH$T 
Rt ^T *pht RT^ t£ sti” 

“q^ q^ f%RTT-q^HT 3?f, ^ t/' ^fTt % foq ^ ^c hi fTO 

qqj^qR wi %t 3 ^r iifqq ^ q^ 1 % qlqt q^i ^ 

^iqifq eRpt 4% % I R3 T|33 tiN 3Tqt qq> 33% J M ^ I 

“sk! ftqr#%q^3qq^fa32Tt!” qf q^^TTt 311% 
%t 3jR <33% 1 ^f%3 33% fkq % 3% qt% 'Qfq fcHi 1 

“IT, qf? *RT ^33 WT t”, 33?ft ^RT ^ q^T I H^KM, 
^qk 3PJ 3Tk T^q> TTRT qrlf^T % ^ ^ ^ ^ 
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^•^11 I ^4 ^<91 I sffc vsiHc) *4 

fMdl ^T 3TO«T ^PTT ?TT fjR}% 
3% ^Tf? f^T "TO? ^rff^h 
^tt % f^Rrt %r % ®n4 4 ^ 
^ A 3^4 fqcn % 3 tr f^n i 
TFsn 3R% ott ^ t^m% — ^4 
^pri ^ 3Tq4t cfd^R ^Ft 4f^ 
^ ^ Tm qFt w 4 ^ 14ctt 

% ■Mcri 4 ^ld f<;<4i | <4 Rm Hi-hi 

v ^ 4 II— 3*JT WT^T ^4 TFETf 4 t, ! 

^ 3T4^ f4?TRT im WT 3^-3^ ^ ftcTT % ^ if 3?T 

4t ^ ^1 44 **4 srnsif 4 ^m\ n 

qdi ^ r ^ % STR facll^l % 4k Tfk qRT f ?” 

„ f T™7 %f # «H?” ^I ^ 15 SRTcR 3 tR 1^(11 

ate if $ ark sra if tet ?j^r ? iffi 
st r4r rt ^r ^rmt 4r?” 

te 3$fc te t 3TO^ <p! ftcl, aft 3k ^gj I ITO *fq tela* 
3^4 a4q 37F TfT $JTI 

^ ^ ^ ^ ^ 4^T ^TfF ^ TI% ? ^4 3TR§t’ if Tf fim Tj4f 

‘TT3TT kfr ^ ^ ^ Rff - -^134* % ^ if 3^ ^ 

^r ^rfsrcr 3 tr 4 ofcTT f4*n 4 1 



22 



fel % RTTRl % swam % WR 

*fft f^rRT it 3TO s£m 3RRT it ^TT ^TTcTT I 3Tlfe 3Rtf 3^ 
sirfc afen 3i^T w ?nt«i wt ^ 3 

RfT, ‘^itTRTlt, 

^ TRT ^37T Tfil ^leTf I 3*R ^ to ^T it OTRH Ilf fen, fR ^ 

cfHsrfwfi ^i otrtr fen t fe#t im ^t ^t ^£tf nft Rif 



^ - t' fV 1 * * W * 

!!i % ^ ^ % ^ ^ ^ ^ ^ fwi ^ 

<* ^m-m m, ^ ^ m ^ ^ 

ifra* 3UW?mii«jt^ “Afi 

P ■ y ’ qt%T WT % grar 

^ ^k) ?$TT ^ f fjHc$ gjqy -rrrfr a- 

Mb Sto T * ^ #, '\7^7 ! '' ,, ™^w 

* <• * * SV**^'?, *."*•■** 

^£»tjp ■is" * «• £& 
^ ^ ft *”"* ^ <» * 
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H&H-Sd *fif ^JT #3|T I qfNt' % 3ltf 3 q?5t TRI % cf^qq ^ 
Tt^T f^Rcliqi fc q? gfa if an qii} I q>WT Wm $ zfa TR?t 
aqfqq; wr % qn£ qq 4 ??nq *k wfti «ti 

hBiH'SCI ^5 Mil Bp c^si'i r* I Wl 3lk <W-fH^'l *115 cl k J |ij 

3TO TTcT it Tlcl ^ qqi $HKd <gs) q>T it '|<JI— “Id, dn^t 

^ IT ^ ^fr TOTI I ITTt ^ it TM TI% cFt-Jl^ % 3^ 

< +>H^ % < MlI5<. WIO Ttfl<l T 3 % «t I a-1«bl <=r>c?l< Pl^sri *U fq> q?lf qttfl *ft 
'Wt % 3RT I IPt I mRo(K % cltnt 3 Ht Hft4f 35t s$tf , TF3H % 
W ^ 315Rfq l^vSft sftl 

qq 'h^w TF3fT H SffitTT miR ^Ir^t-^l^t Rlcf 3?R qi Tf *t 
it TR^ it «ISI u I 4si f^3I I II «TfjI it 5^ ^ TIT *TT I 

“^I|3TI, inf? TTSi; % foRT* fT? ITI 5*3t qqf 4% 

It?” 

sTIHR } “lit lOT t qt 3imt fTT TTglT ’ft IcT^ q[ TIT 

tl” 


“3ft wi t?” fta* grot f xjgr, "xr If ft h^kn % 

^fqf %fcnt3i*?i^iTO?pft3f3iqf ft?” 

“?f”i 

“to ^ 3rot ft TOt 1 If; % mro to* iro 3af qnff 1 3=ff 

3tt RI+rHi % fftf ft$ f,cwiqi to f 1 #ft mi amt to tot 

to?” 

“If 3rot qrcf sit tst ^1 ” TOf ft gipji f amr arocft to wi 

to fro 1 arm if «4 <m 3$r> «u 1 
“TO#ai3kfeif3f,”TOqqf toi “$p 3 % qq qf ft 

3tk 3 f^TT% I ?R TO-TO ^ 3t 3TOT-3tTOT?” 

3 ^%^, “to aroftfrora t f% aim ^ Ifq 3 to to 
qffft?” 

“it,” toto % fro frott TOfa % toti 
“* nfTO qpni,” % ’fM ft 1 “$ qft *ft sro \\ fff 
3ttq ?tt fTO ft fmi TOf t 7JT qffl” 

TOTOroqtfrof amTg?3itctT3ikqHt^tTOTO3TOtqr?ir 
‘lexil to amt fro fro fro 1 sswt ^t ^tat to 3TO , w ft tot 
hh) af^ j . c^f sun ft >3i ci J ni ft 1 aiwf q>iH ft fiqn 3&i^ 3 

wq 3 tot, “^gfair 3 rt amt qflftt; aiNHi^i" 

toto f tKft-’TC TO 331 #, atfa 3pfat qtt tpi if ami to, 
atifl trc^bl-ft , j<ti hi<I I RtK <j<sl qtt afil TOR? *ns Ifqi -3151 ft 3ft 
33T3T 2J | 1 ^i'tS ft fq If c)5l TO ai^c Fl=t>cl 3TOT, fTO ft x>fl 
hRi^I ^3 Plcficif | fTO TO TOT cimi, aciH TOt-TOt mRi^ii Pl'Xici't 

TOtf a Ik fift ft fr If qhr 3 ttt ft ft tot 4rti q?^ «n i 
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<Tt ^ ^ FR ^5 T^T, foR RR 

^ I IFT WT ^\ #5f 3Ff% f^ R*ft %ft | ^ ^ F^-FRTTfFR# 
^ #RRT W «ff ^ ^ ^ 3*k JTT«foT % «?R R* # R*RFR 

fcoic) ^ I 

cT^RJ % Ft ^T, “*t 37FT^t ^TfrTJ MMdl ^ I c^H FIRT 

hOI^TcT % dlH<rl it ^FR>T iHdl J l RcT <^11^1^11 I ^'M«t)| <=H<u| ^ |” 
“^JT chK»J| %7 n ch^-qn ^ Tjp| 

<<L t$^ ^f 371^ 3J?d ^TT^” 3FT^ ^ oR^T | “^qT 3^Tq 

feat ^ 3 ^RT 3f%cT 

“^f, 3f^<Tt^^RTI 3TfwrtRt#qt 

3 ^ fit f i” 

“^, 37TW faRTF RFR f,” cT^ ^ R^T i FIRT ^T FFR Ft 
% f^r Rff RT FfT ^1 *t Rt Tfig ^TT^ RT T%\ 

3R% 'RTR ^t %®T f I ^ RH*M ^ ^ t— R 5 *? 3jfc^% efti 

% ST^FTTF ^ ^ ^ 'qfRRRFTt «ft |” 





cfrm to ftoR ft ^fft to f! i “Ft fft ffft tofaF ft; ft 
f^tfaftFFFftoftifttFFf RF toft?” toft l^T, “*fTt^?Trc 

F fto to Ft ftt FFT to to?” 

“ftcfFTto ft to 3F% FFF ft ftol FT'I ft Ft %FFT TJcJ-toFT ^T 
^?T ^ W? 3 tot Ft ftoft ftSt FWF FR ftft Ftf FFTFF tol” 
to Ft ft to F^FStF to W/' ‘ FF F^FF FOTF to 37TFF 
c|Nfl FFt Fft I 

FSTFJFto^ FRT%Ftototo FtoFFTtFFrFFTI ftftto 

toFFMftiFFFftfFFFftFcfi FtoFFJjftl ^WXZ tofl^Fft 
fftftt 3FT ^jFT ftFl to 3% to^T fcft I 

to F^T, “FF FW #ftft F! to ^1 FFFFT 1 1 FIFT F: F8fl FTi 

to wfft ^ |M 

hf fftf fm tofto to; toR % to to to; wfjf fft ff, 

FpTt FRI Fft ft fF sSF fftF toi f^tot ftFF % FFT Fft I 'HlcHi feF 
sft ^TRI^cT ^ftcIM! FT ! FJFfe ft FfTF-FTTF W Ffl ftt ^tcf Fi totFT, 
to feF ito ^ p ^ tot FT! 

3F fftr Fto ft^FT to ^T^-^tot to % to to fetot 
to I ^ toto ft FHF, ”FF ftt ftc ftFR H6 KN ff 

3toto ftft F§F c£ ft to |r 
toto ft FMlfto % FFft to L FTF- T ^n FF Ztto ftt 3FF5I cR^ 
ddfft) ftt I ^TF toF Fft to FIF F fftlTFt Ft Ft to FTFT % W to 
toT ! toft FTtFT, 7TTF FR FFTF FRtF-FRtF to ^1 t, FTFTftt 3TFF 
ft FRFlftt 3FTtofe to ft to to to I FTtoto ft wft-^ to 

toft ffft to to to, to 3Fitoto ftot to ftff to to i toM ft 
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ffst 3 * *wiifa4f % ami ^rf *ro rr =r faqr afo *ft?t 

=Ft ^RaihI if 7 TPR it r^i 
^ tfet ^1 wi ^3 tt 1 im % ^ ^rai wit m # «ff 1 

^tft ^ 3ik, Rr wi 3>f wt Rrri *n^nr, aik w *Ft srj 
fo#nti 

TFfT ^ 3T|} fRfR 3lk RfHf ^t w, “^jsr w 1 1 

3RI3TT, ffR RT«t ^ -&fes W R3I3TT # fRRTf ^ fR 1 1” 

<HiR4l'%iisT^5raR3TOt-3mtR^^rw33rf^ni ^rar^i 

fT*T 1J3> RTt^ 3RR *R R5T I 31W ^RT, «ffl ft «llRg SJT I % 

r 4IC f'ft^t <Rsil Ifi ■3M c til tj^ctt if H^l RT ^il-SI fp I R? 

Jfit fra Rff «ft I R1R: W*R 3Hff ^t tpfcRf if R5t% RlR^f 3R?t $ I 

R^n R R 94 +I ^ rir 3Rf ft?f ^t ^gi ®ik rr* 3R r% 

R5lt ^t cTSR Rtf% Rt?f, "SIR f gf; % Rfl RRR Rff T?t I 

« ' 

sjfcrt ft fc <jfKi Tm 3 ^ it zwm wii ft 

W? ^R <ft? ^c£ITTfl?F? f^t3rRftfa^ft^^ft| l” 
fffT ^TT SJT JM *TC ^ 4^ft 3TT^f % ^§T ^f TfT-^T 
^TT ^IfT 3tTO W< ®tfT TTRfR 4^-ft 

qfljq if f®n, cT^ % 3TOI f^TTet <Wli^l 3}fc TT3TT qftf^T ^t 
^T Rrl<4l I 
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% *5icp tffcgr 


q 5 n > -iPT % v 4 1 3 ^% 3JI3R if 34 ^ 3 ; 

^TcT^j R^T °h<c) ^ I 3^T ^ q;q qj 3W^ I 3^ A ^Tlt 

W& % ^W 3TCJR if f ^ $ ajfe RlflJ TRW cR^ § | 

I STTfl^rTT % ^ if <Tf «TST Rf 
^f^r fn^H sjt 1 arr^r ^r tor srni ^ ^r% tot 

^TT WT I TOT ^ f^R-ft SRR 3>f TRTT TOTT RRT «IT I f# TRR ^FRT 
Pnh 2JT ^?R % ^ if I 3TT$Tq % f^WT'4f ®TT<H=h rRZ % Tfjcfr ^ 
if TO-RTOT <?f <m\ TO* $ I ^ ^ ^ ^ T^rt % 
3TRI W ^ I f^R TT=T^ %SR 3Tfc RTt if ^ 3TRR f^R qt 
f^TTOT ^f! TT'jT ^T TRf fqqq «n I 

31T^q %^3RRf if TO|‘ % ^RT 3^ % fcpr ^r| r^ qt qf I 

to^t m <$ fro fmti wr?t *f— **4 ^ eft tot j w) Rf% 

^^3^qr^feTTO[^T#^ ^^31Tf^^T3?^TO^ 




3?fc 3lf*1% if, 4% f33R, 3^1, 971^ 37Tfe 33% 37f f%3 

37k 331^17 77t73ct 4 I 4l R5% 4f337 3331 3!^t 4 % 3177-fell 3% 
^ % %33 37Tf^ 77^ 4l 

3713P7 % 7J5 %37T f%8fl5F % 3%, % 31R%f % TTRTT-t^RTT 4 4 I 
Rf%f % 3T-3T3 3% TJ^Tt %t ^§-^r 4 7%f "3% 3 3% % 3%i % 
773T3 3% 33 3% 3331 3 37*% fsRIlfsfqf 37t ^TTR f%31 35% % « 

% f7737T *J71 SZFFT 77% f% 33% 3%F3; 371 %37 f%713 %, 3713 3t 
33%3%37lf%?% %%37% 3%%H %f%3%! Tl^%Rf%f37l 
3713% 37 37ft ffP 77% I 3?^7R % 3% 4 % % 3% 35%7 4 I %tf 
31R37 %3T7 3f 331 % 33-33 % 33% %3T 3%, %t%3 3773 %tf 
3737T3 % 331 3t37ft%3%7T3T3t%l%T ? JT 3333 1333 ! 33% 


37%% % 33 3 3?3 333 33 73^3 7T3T %t 31 3% 311 

33 1% 4*3 3 333^ %t '3031377 37fl, 
*‘%a 333^, 7131 3^ 3fcf 3f! 3^1 377 7f 
t? I %7t $‘°^7 q 1 % 71*7 <$?$ %3 33% 3T77 
3H377 7% I 7J7 33%t 77fl3ciT 3331 %k ^7331 
f% 4% 7%T f%77 3337 37331 333 37% 1 1 
333^7^-7^ 7T3I % 3fR % 37R 377 
3fT i 3$ 3ft 7RT %t 73177 %3T 4 %537 





fWMI ®pgT Rfewt 3rfc ?TT, ^T^R^TTnft 

^T <5fipT ^ I ^ ^ f^f ^ ^ 3TT2JR 3 cffeT cTT 
^41 % 3^ <^d ^5TT I 

Tg^$^Tg$i r 4 ‘^T 3MH^ 33T <J3 fcfi 33J 333TR ^ ^? ’ ’ 

“3^f 3t, ^cT,” 3W% % ^fer #R 3rR f^TII 

“3ft 3t ^ WTT sftr T^cr 3 w, “WT ^ ^ 

# i <pr3 tt^t % ^f^TT-^f^rr wjr 3t 3wf t§t^? m 

“3^f, I 33 ^ % WJR 3^f 7 §t 3 I ^T ^t 3If 3T33T 
3t*T3 31^3 ^t 3FT33 eTTclT «T1 i 3Tcf 3^f3 #T 3fcf ^t 3t f T ’ 

T^t % W, “3^3 33 3t <?*t 339R if 3t*T3 ?TT3 3^f 3^ l” 

^ cRf ^RI 3R[ sm f3> ^TTOT % fwr % SFJRR 33 3T3 
M3T TJ^ft % 3 t 3 ?TT3R 33T ^ifeU, «TT I 3Sf3 OT3I 3T3T 3t 3i 3R 
^ <W)cbR 3TR ^cT 3 $TRT Tqpffl 

33 1^3 3MR^i 3 f^T^TT if faeTT 3T3 3t*!3 eTRR T ^t % 3TFf R5 

13*31 3^M3TT^feRT 3qkf7lft^3^^^^t^f^7TI 
33*R£ 3RT f33 'Rcff^TT 3R3T 3^3 f33t % 33*3 M3T 3^f f3*3 I 

^1? *PT # 3t Wl 

3M33 3T^ «iW 3 ciW^^t ft* ^T 3*3 I 3^3faTfo ^3% 



3ft 3? 37333-3? it 33? #tt i fttffR 33ft %33R sng^f ??3?? fe 
cl'S'til 3f<^ 3>t ft <Rf "5*3 3?ft ^cR3 313 T?T |l 

site? ft 35f?, “ 333 ^ ftft ft 1f3 33? cfgR? 7113 ? *?3u 3R? ftterc 
7*33? fcpn ak <p$t ^31 ^31 1 ftft #31 3 ? 1% <p *p % 3ft 3 R% 
ft #Tt 1 ^f3R ^T # ft 1ST # 3^ 3# qRt f ^Rf fte-fm 
33 Tft #1 ?33fl 331 Tfft f?” 

“■ 35^3 !,” 333*5 ft 33 * 1f3i, "ft fif ft ftfro fftas? 3?3ft 3rai 

i 1 ” 

3333 33* 5p?R 3R3 3?333 ft; I "333 fifR 33 3HW 33 3<*W 
ftF3I? ftft fft?3% 3R 3313? t, 313 ft 1f3 ft ftw?3? 33? 3R fttff 3t?3T 
3T%1?I 3313? 31 3? 33? ft, 333*5 !” 

“ft, 7 F^3 !,” 333*5 ft ftN 3R ft 3f? I “*p%3ftft3f *$3 
33T 3T l” 

ft*t % 33k 3R if <ffl, “gq^t «3R ^33? 3ltf?J 3f 3t3 %33? 
f3ft 3333 3?t ft 3f?33T 3ft 3R3I, ftftf 3ft ft 3337 1 1 333!? ^31 
ftft % 33JJ3 Tjqft ft?3 f%37, 33ft ftfRI 3ftl3 373? I 3flftt, 3373 ft %t 
3?lft ft 3??3§ 3ffcftftft^37ftf, 33 3? 133R 3ft l” 
333^ 3fl ff 3?I?t ?fl I 3f 3i3 ft ?313T 7?1 3R 3333 ft ft ftf? I 
33% 313 3 £ ftjR 333ft 3%gf % 3fit 3 37I3T I 3333 if fR ftft 
Tflft-fttft, %33! 333*5 37t ^131 3 fftcT3? I f3 333? 3t3 ff3 3?fc TpR 
3ft I Tjsftt f33ft 33tf?l 3R ?ft ft fft 333*5 3f3R 33T3T 3ft I ftlft3 
3f 3 3331 1 3# 3ft, 3?I8ft 3ft3Jfft3ffttl3?3f3?ft 333? 
ftf-313 33 3?33T 333 ft 3R ?f? 31 1 33T3t?t 33 313-137113 ft 3ff I 
3ffeR 755 ft ft 3 ft f%? ft3? ftt? 33ft T J^I, “37ft 333*5! 3f3? 
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cpt T T3o3rf % 7 ttr 3 Rtf Rf3Rf igf?” 

Ht !/’ 3W3 % 3*5 t^Rt 3 rst, “rtt ^ 3ffi” 

R% W M *T 4N % R^I, “4 3*5 I^T R cpqffsF ^ ^ 

tRT 77 MR qff MR f I 3R ^RRt 3F7 3# RTT# ? fTR 

Rft RR7T3T?” 

‘ ?tfR3 3^?, ^TR 3f 3^f R,” 3<7R3 ^ R^TI 
u R7T? M ‘37STT^crRiRtt ^tRT^Rt! ‘ ‘RR 3R^ Wt 37R7R 
$ ^ fRRT R # t?” 

3W3 % # 3 RWT, RR RT f^R Rl” 

3^R ^ 7*7 33 7| I 3R3 RI 30 RR R I 3^ Rt RtR Rt 
?[37T 37fc ^!1 Rt I 3*5 $TR' R3 “3R73, ^ ^M 1 1R ^7 

^3 RRt Rff I ^q # I RRf if RR RR^ ft I RRR T^ 

ft 3^k ^TRt* Rt Rt 3RFT 73lf it I ftfRR^R 

f% 377Rt Mfd7 fRRT 3R Iff Rif ft 37fc MRfRT Rif ft I 37Rf 3^R 
33 f«lcr3?ei cfci^Rff 77<J R3 I 3fl7 c£% f%d4) R7 RRR f f% 

fRTT RI Vlfl< 377% fcnm RT 371^R Riff HMR, R7 Rtf Rt RRTR 
RIRR7 77RRtl ^-RTTR Rt TRfcR 13 %^R, l^RtRfd 
R7f%%3Rt7tR7ffrRtRff f|^fRR%R, 37k RtRRt R77f R fRR 
cTtftRt RlM^RI RR Rft 77R *ll<si^ % fM7 fadlRl f 3^ *ft 
fRft fRR R? RT#, RRRR,!” 
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RR-RRTT -sid^-'SHdcl Rt Rf *llR< fcHT 
elF®id R $)cll t^RRT 3R% 3% 3^ ^sTR^ W R>t *|37T I 3R^t 3Ht 

SJR *i<*>crH RR f^TRT fR> J J,*><iq R^t R^ft 3RR7Rft%R>T 3TRRR Rff 4 J ll I 
3R% tm SjcHcK, fRRR 3 R^T, “'5^, rtr rr; sjtr r*r 3TR^t fTRt* 
^Rff^rt, $T§®^Tm&TU" 3Rf5R3RRR^^RffMRTI ^ 
Iff Rt < *pTT TfT I f^T Wtn R?t RR? Rf R3S3?f eft fTRi R* RRRT 
3 Rt RRT # ^ % Rl^ 3RR^t RR fdR>d) RHft *ft I 3Rfe*3R^RRJ 
R% #fR* ^RT to# I RtfRR ^RfR 3 Rf RTRTCR % Rft 
RT | RfrTRT RRT % RflR 3=TRTt Rf I R%Rf =Ft RR fRR ^5T «ft I^F 

3RR^R^ 3MRRT%RT^, 3ftfRHt RT 3TTRT 3?fc 3TRTRR; 3RR?t 
^TTRt T# I Rf 3TRT ^ % RT^ 3R% ft^T-fRIR 3f R^l 

33tRTRT-33tRTRT, fRTRT-R?RT, Rf 3TTRR R^t 3fo Rlfe^ RFTT I Rf RTfRT 
RT fe 3T§R ft% ^ RfR 3RRR R^R RTR I ^fdH RTR^ R^ WT fejl| 
Rff ^ TfT RT I RTC-RR R3RT RTRT RT I Rf ReTR R^t RT RT Pl^oil 3qk 
TTRj Rf^ 3t^ R^% irtTRRfn^%Rl^R^RfT%dIT^TI Rft-Rft TIR 
ft RRf I 

^Rf RTOt 3T«tR ft RRT 3?fc RFR % 3R*R£R>t 3TTRR ^ Rff RTRT Rt 
^FRf ^ 4^dltS» R^fl 

R=F ^TR % R^T, 4 'Rf R3>3Tf RR^ % feTR Rf^f R^t 3TR RRI RT I 

R35R Rt ffc 3TTRf, 4tfRH Rf Rff 3RRT 3TRt RR l” 

fT3RZ 33 ^R% 1^; 3^ Rt^, “ 3T^R ft TfT t, R# 3^ I ” 
f^Rzjt Rot "RTR ^RR R^R 3RR^R ^t 4^^ 3TR R'^1 R% I 




^i-^i ^TPTT cKdl ^5 f^PTT I OT^T T TcTT H 

■^cil I ^tcT ^ "Q^) 3n'Jii^l TR^ ^R -dd^-dolc) ^ Rt ^R^ 

W\, “3R*F^! ef^T ^ <fel? M 3m*\ ^T r! ^r?” 

OT^C^CT "-JTTUrt^T "iOtV I UrOT ^ 

-«^Tchc^< 33 ®ter i 

% TJ^r,” f%T<rdl<M ^FfT I li JQ 3 ^TfT \\" 

zrfm Tgk& % 3^t term i c^ ^ sit, ot% ^q| 

cTR-cTR *?t 7 I^ > J lld) *R 3TRJ^ oid^R sff | t]^ % RtHl^ ^si% sfb 3 ! 
% ^ W&R 3W$ ^T ^T 3fk tj^T, “cp 'Rft if ^qf %, 
WF£>” 

3^ 5^ sfa 3#TCH ^Ft chtdHil 3 ^5IFR <5MH^^ W, “T£^, 
^ 3Rpft f^5T ^ iTSi ^| ^f ^T f*R W I % Rft 

■fe % ?§T fel^ I viHchl 3TR§f oTHf 3?k 

^RT ^dRcTT |f%^f tj^| m ft* 




3^ *pr, “to* # 3lm-3i im | i?” 

W } 3TF$t 3TTTO3 f^TT ft? TO* TTlt-TMRcT 3TTSFT 
^Tcfesrt €l ^^iqR^irrfemTmjftmT^miTftR^ 
Rftm ^rmr <?i smt 3 ^tm^3t mi 
m^T, “3 rr^, 

^ m*faT mrRt it im ^r t 

3T^r flSMcll I^TT | ^ ^ ^q Tjjpr^ it, t 3? *R <£IRt 
wm falT *TTI It 3^imr if ete 3HI” 

«^r mr 3 <to£ ttrit to fe srot ^ 

^ 1 1 *JI 3TOt TRtarfT 1 1 3TOT R3 w sffc 3 SR "TO I 3^ 
OTI fm ofl ITO iff TIT, TOTO IfT It "TO 1 1 3TFt fTO ^ fTR 
^=hl=h< mT 3KRT T#FR ftRTTI 3TRRT WMH ?2JR mt TJ£[ if 

^3^ 3Tkm«kir#TltTOI 3TT%fe3TTg4^^imi|3^RFt 

3TtT ^sRt Tl I } 3TOT «TH «RT mT^ fr ^ 3TT^TR 

cfe ^ftl” TRT cffe ^l 





WTO if tf%t «n I fflctft 3ttftf} 3tl# *tfl tffof 3R 

3qi^%iniiwwtf RWf^fTIRftf tf WfWfc-Wfttf ffstflfRctt 
Kft, “% T^W, 1^$aR % Rltf, ii^tt ftf I M |fS tffet ft, W»JI 
fF fflfR #, niddMMH tf , Wf % TORRlf tf I itf Tpfat *fit W 
ftf, fffR I TOfatf' fit 83RT ftf 1Wf% fRW ipfit ff ff 
fTOTl” 

ftf 5W? 3TOt JtT*tft it #T # fft I ftf IfRlt #3t fit 
Rff t? ftfi Rtflt 3iri ijft «Jf, ffe fro ^... i 

3WI WTO TRft ftlfro ft 'TO *TI Rtf if RPRJ fit ftfl fft 
Stfaft <§RR TOft SJgfT fft RlfTO tf RRff Rt% Rftf StHff f 1 
% fflft «tl fe flfaft ^RR ^fftffr % % 1 1 
WWT-WWT fRt % Rt% Rftf 11% ^ R? *t, "f*tf f% ^RI 
SJT, RRRg? fftf fft flf% ft?” 

ffR^ % RRl fafft fit fft Rtflt 3tR% 3tf5 fR %l iJSRIfR 
SlfM ^RRf % Rtflt fft tfffRJT ft ffRtfi fft frot ft 3tfc RT% 
Iftf fit fiftl RRRJff! ffift ftffR tjf if flftf ft flftt ft 
RfRft Rt 3I19R % tffR fit flf 31T ftf I Rtf tfifRtl ^Ft ^ft it 
Wf fR ItffT I ftfetft ^RRf 3 Rtf ftft, "if Rt% ttff 3ffff 

t 1 ” __^ 

“^r f% iftf fft fft?” Rftf isii 
RPRi^fft, “if ftf srtf ip f% ife ftfwt i fitf 3it?n r fft 
tffR f i” 

frfaft^RRttf RtfltRRl^tftffRtf %*ffR^, “tf fflftfRt 

if ft faff fft tf% Wt Rftf?” 
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^ ^ X” 3TO3 } ^ctf 3 TO I 

3TO£^t i^TT TOT f ^ 3TO 3 tR ^RR 3^Tt cfqjft ^ ^*R|cR 
W> ^ ^ 3Ttt ^T I feR 3#t 33RR tat 3flVfl4< iTOT 3lk 
3^T% ^Td 3H|chH#| if 3^ Tfzf sfk f*R cffe «R TOT I 

to ^ ^ 3#i taf # rt feta TOB qf | 

talTORSR! 3TO^f%Rteta sft! ^ta^^f^TORT 
«IT I 37R ^ 3TOTT 3 % RtR ta: ^ tc ^ ^1 

3 iH TO ^ 3Tt fta ^tfrof tr wf srf 3Tk ^ TO3T 
TO fesfR 33<ft 2jf I TO TO <§3 TORT 2JI | 3*ffe TO 7 1^I 

*ft ^3T M TO TO TO TOCT T^T ^ I TO TO TOT A Rfert faft TO 
3T'-H ?l(k <^t s$N ^tT 3^ ^§T I dU<*l Hj^d) ^T 3R TO TO[ M-Sl 
TO I TORTO^ #TO, TO TOR TO feta #rfj ^f stfM ^RTTf if TOTOt 
<3 stT i 

^3t if feta Ttta TO ta 3M TO% 3 TOTO feRRTT 3?k 
^fcTT |3fT 3TTTOT TO|TO I ^T Wf R HTOBt TORTfet TOTOt sft, 3}fe 
R TOI TO% ?Rfe 3‘^Jjfcf *ft Sffc fTO 3ta ^ ^RT I 
37TSRT R§*T TO TO ta % TO T^y | 3 TO} ta 

Rf? ^RT tat ^ fo 3TORI, TOt TOT TO1TO 1 1 
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** TOJFfc. 1 ” W? % to I “am fURf % 

2nri TP t^ S 5? WR,wr ' ton 

Wi, 3 =T?f ^»1T!” 

*" ^ m “* ** ** w=r «n?” 

m^fer.t!5?^' “gr^A fan <$t *R*T (ft sji, 3qjpq| 

f jm ^ gp^j ^ ^ i : ^ ^ 

w® ’P *» rite Sn4 M, tei" 

.jfjS* 5» 3 «% to, itro ^ ft, to, “TO 

^ ^#1 f^R Xf^ ^n=h< ^-*TRT ^rr 
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^ 'rt^'^^rtrst «m 

RR TI^T fad W 2JT I 3?^ T T^ 3Hi ^d'( ^l?4l W3 

cfc^dlR 3% TsRR <*>fa % 3T^t MRel f=b^ I 

T&t, ®TR ^t' % ^R TO % R^j#’ 5R OTft T8ft TOt fJ, RT^' 
Rif 3FRt RT <fi<ft % RTR R^vRRT 3TR3> T^F) ^TifrPJpf RTR I 3% 
R? ^ RRT^ OT $k 3^ cTR feT fo *R 33J ^fc3f 3TO R3T 

^RT^ TTR^T ^ 33^ 3TR^ TOT % : RTO W I 3TO TOT 
OTTt R^T *TT ! RiScfi ^ 3RRR SR3I3 f^TI 3qk 3R% RT T& ^ I 



i| i %d) <3<3 <*h % Rim, sRr j i 4) f% rrt i>3Tr i| i 4^ ft ^ 

R|rff, 3% im\u] x^i c& dlddld 7JdT% ft i 

^TglVR, “37R ft «Iftf7ft ^ 1 1 RTff^Tlf R7 7m 

'l(?l \QI I Qn Yl'*l 'HI" - ! H nvn IVIV3II ^ '1'1I|-H 'IIX'-IIX '~\* n*\ll 

ft o^lRt) %t dff ’HdR) I ^ ^hT) f%dd) RT7 di^l 1% d>ff 3TJT -derl 
*IFt I cr)RtH ^T Trft dff ^ | elfFt d>6l 1% f ^pft 7? 3?k Rff 
H^l) I 3R ct^lf ^3T ^ ftf 3 led) f I RrlT) 71*7 d^T h<Ri), TFT ^I7t 

ftfl” 

R7? TiddR ^<m 1 3^7 RR 7t $d! % *k Rid) W1 df I 
‘f7T7t 3p^5I RRT ft -Hcbdl f f% 7TR ftdt 37k ^dR 77TR ft R7 
*rkf 1 ^777t 3ff?^ slk rrt difeM, ? c-IRm shki ^rRr, rftt 3) 
f7T% %t % I ^cT 'fid I I R|> ^ dff Rc^dl 1% W5$[ i[ ft Eh*fl d>I 
dfeiRM f%RT I Tf? Rf STIR 3^kf I 3FT7 37TR%t 33T ft Mdl ft 
^d flfl d T f) dd Mledd-HlM u i f %R ddfdt ? ^f f%77 7171? 37RdT 3^7 
$Hd>l fd Mlerj^i) ? d^H-TTf ddd ddfft f% ^d % 7TTR Rldfe ft 'dIR I 
<5f) dd ®Ml$ %*) ddMt ? ^77 dK u l *7ft ft dHI -RlfeM, 14777) 3TFT71?dR 
d^it %t <i<3dlel ddf it I f%7 R|? *ft Rdf <±Fdd %§ ft ^Rll dfll% 
3iih%I ^5T % RgeriiMi R7?I «I% TIFt dd ^3 ^ Rtvm ?Tf I df 37^ 

^1 4R7^TT # TRUI” 

^>dl TTR^T j n 7 1 Ri f77 RIRl^l mR<=IK % 3oH< 77d>3 

37TRT % I Rl-dl fa 37Ft ^ 1 R) RRT ^ld % I cTRt 37^FIR> 

ed-Schl Rd <°K ^TRR 75R) J l4I I cd'S c t7 TdR H<7 % RdM, ^Hl "dl^ <^1 ^f) 
dlfdi 377% Hldl-ftdl ^tdf 4)ldd T^RR 377% d% Rif Rd erlledd-MIdd 
RR 77% I 
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3^ # $# # TOf TTO TOTT I TO# ^ TOR % 3f^T TO #eff, 
“STTO #tfTO;i 3ft 37Tq^t ®)ld-4)c1 ^ # f I ft 3TPq% ^ TOT TOT 1 ! 

^MHI -di^cl) ^1 # ^fTOT t TO TOTTOt WTOT TO TT% I # ftt W£ ft, 
TO ft TO TO W fHd=h< 3WT TOTOTT TO* %l” 

$# ^ro 3f^* 3 ttto* ftteft ernf # to>i mRcjk #tot ftro* 
3TO TOTO% TOT I TOT# TO *£TTO* % TOT, “TO! ^TTe$ 1 1 
3TTTOt TOt ^TT f f% TORt WTO TOTT TO*# 1 1 ftf^FT TOTft 
WTO TOtf W 3 * ^ TO WcTT, TO *TTOTO t # TOT TOTO l” 
‘ <T Tft *TT*t TO TOTT^V’ ## % 3TTO fTOTI 
“TO ft?T ^T TO 1 1 TOTO! TOTTT TOf TOTOTT A ^sT # f I 

3TTTOt ftft % TOTTOT TO% TFTOTO #3% % fftl* TOf 3TfijTOlR4f TOt 
fft^ fTOTO t # TITO % TOR ft TOTTOT TO# 1 1 TO TO TO sfR 3TOTOT 
% feTTTOf TO TOW RTO TOT TO ftcR 1 1 TO TORW ft — TOTf #*TT 
3rTO 3fR RKt-TOTOR, 3e^ft TOT ftk TOT 4<I<=IH) 3TRI I TO 

TO TOTOT ft # TO# TOT# TOT# ft I TO TO TOTOTT ft # 3TTTOm ft 

fafe# to; % rR fror-fro fttro* to to# 1 1 #r ### t*to to# 

TOTO* RTcT, # ftft 3ft* W TO# 3*T% *3T% % iTO* ftTOTO RW ft 1 R 

ftft # tott# #* TOf i f*rfro* to to% #rto froro to fro rRt fro 



«TRt-«TRt T?3> mRcjk ^ X^T oqRt) 'Wi\ *TfeT ^FF % Rri^ 'Rf FTO I 
XFFF^nffe^FTCtt I F^^TrI I ^R 

T% % l5f> 'SFeT W& ^ favHcbl «#TFH fen FFTl" 

FT fafe 3^R •PRFRn TJFdR IF Tf-qf 1 ^fe? 

ff^ pr R ifeq ^r frRi Rn RmtF qffe uf^i to i 
®RpT #33R Ft?ft xrq; ^RTRT fen I 

“smi 3 tn fenrc ^ nt ^ ttcb ^?” 

“FT 3T^T ^TFfe FRT TTRft I FT #*T # R^TTR t ^ 
TJfRTT # RFfl” 

“nt ^Tfe,” ^cft R x=FF I “RTW XJ^ ^ T£f f F[fc c^ *ft 3T^rt 
F^T % I *R RIF 'JiqM Fl% ^ 1? I FtR R XF> «Fef *fRT ^ nrft 3fR 
^iT <r) =♦■)<. ITSiTIT % MI’H -c l<^l wn I * 

J4Ih) u I % 3nFt cbldl RI 4)dl F*J TTsf Rrl4 hihI <^>dl % Ft ^TF 3^j 
^FTT ^ RR Ft I 

* <*4l, 3TPT^t ®lld R^t IT*T *ft 'H c hd(, HlHHl "Ft ^ I 3RRt 
IFT % fer 3^q% ^ % «iRh;m ^ ®fTd FtFRT *ft RTR "I l” 
$nt R Fft ^femf R t[\s%u] ^ w fen, fe: Ffe r*tT i 
3 xj*=wick 4terf ? “anq^^f^tnwf^fei ^Mirnk^sfe 

^1 ^ ^FfeFRT^^R^Rnt^feF 
3nq afe^^l ^feTTT^’^ qT^^IF&T^ 3T^7RT tl FT^T 
*ft -sM-^el TTSrfet 4fll Ft ^ 3^T -^Icrt nt F3T cRF "^F % I Rlt «i!d 

*nfe, ^ ^ snrnirj % w ftR Ftfei” 

RF FF ^R 4? 41 3R% ^>pR if ^FTTT Fett "xpff I FFt% 3R% 

<4<=bl^,< % FR 3 oRTmT 3^( ^F f^ ^F FTR 3 X^E cRf n^TT % RRT 


46 



<mz\ RR 37Rt t S RT I ^flt^ 

SFRT % fdR ^1 W5RT IP# l” 

ft=T #7 % <M*I^< ^T RfcR *T3RTT A RRR # 

3^ ^RT RST R1T TTSRT W ^T i «MR£ 31# RT ^ ^ I^T $>JT I 
TTI^cfH # -do^ll, 3R% fa^lld TRk, OT# ^fdTJ ^pTF# 3lfc 4141 
*5Rft # ^MTR 3# #TR 3 f$R flRTRT — “lT, 3RR MR ^ RRT 
37I^nr RffeR it 3M 33# Rft 3R RRFl ^ ^T |? 

3F# it W 3# #T## RRR ^§T 3*# 3*MT 3TT^l4 #«T R 
^RRT W | RtR R RRjR ^R %R ^T RfT-RT RRT fSRSRTT 3lk 3TRTR ^ 
^3 RRT I fRR RRR R% R RTft 3 3 MRT [H<*H-Ih^M ^R RtRT 
RT R# M7T ! TI^RT % RMt-RMt RTR, rR^TRt 3lfc ^RRt #tt ^ 
#R % 3T2JT1 WI ## R|# RRTf I #R % # TI^RT RFM-RT 
ft RRT | # ^ttf R R#T RRRT R1 37Rt RfT 3?k #R R ^5 it ^ R* 
73fT it RRT I #7 % % # % cRt IRTf # 3# ^M 3?fc fRR 

RRRT R RTR RRRR cRTTI RR7RJ 3lk f^MZ 3TR7I I 

“I# cTR RT % #R R3 f?MR R3RT Mlcf it I RRT RR 

1#’ RTRcf f^ R?% *tl 3RfR R# % fdR #TT RRT t ? 3lfc ^tt *#T °F1T 

t?” 

RtR R RT1T RTR 3# J-WIcrtlR cH^lO RR RfT RTR R1 R RR 
3}fc 3*t PRIdSR R^T,“ ^T Rf’ tl” 

^ RM RR T pT, “RRT Hcld3 ?” 

^ftR % 3% M ^ RRT^TTRT, ‘ <T M ^t H^R:i < il R^t ^Hl % I l^T 3 hh4I 
Tj^3Tf 3?k ^Rt* ^t R?RcT 1 1 7 M % R^T ^5 "RflR R l” 
pBt^T ^ cHMcl ^Q; ®|ohl^l RtR RR 37R ^MZI I RtR ffedl-^dl lit I 
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Tim ftfa % ft!% W 37?ft! 33FTT W I Z7TR 37Rft! TTTTt 

TTRRT TrRTT ft! crlfftH R?? MUc| 377 ft *R7 Riff 7|37T I cR ®|cb % 
37RRt ftfftf fallen ftif 33RTf ftfk ftfa ft! M^H R7 H^R fft^TT I 
“37^, ^TT3TT ft! ^T ft,” ftfa % ftft W RF7t* fttZ ft 37TR^ ftcR7 
RcR ^leT f«R-3«R ft! RRT ft! I “<]?7 *7ft ft^FR <RT RR 7| ft! 3?k ^77 
ft^TT 7Rft ^1 TRT fftRIf 7% ft! l” 

37TSjft 3Tt7 ftm % Rft «73RT^7 *Tf ftkFR ^ R^T I 377ft! 3TRsfr % 
TTlft! <i T) T T % Rift! ^T 77 Rl ftlRR "R3 RR fftRT, ffti s4)R eft 37k ^T«T 
^ftft eRTT I 

f4>7 3>^d) % feTk ft^TR ^l«h< ftk7 ft RRH, “3RR 71*7 ft^R ft! ft! 

37T37! fthftt ftt ^TTftl” 

RWk cR RR ftfaft! 37k eTTOI fttR ft fa^dl ftt 7T7^ ^ RR 
7T3RT ft! SRJ^TRft RR fftRT 3^7 377% ft? R7 "c|(o 4d>l I «7R) RRR3 ftlRR 

ftkT ft) 41ft ft Pi^hci RRT, 3?k ^Tf Rpftrf ^ ft§ ft! 3<ai-s RR ftftT ftt 
37k ^N3T I ftkrft ftl 37qft Rlflft ^T?T ftx3^% 373T? feRTT 37k 377ft! 
R7R7ft RR% «!«+) ft) RR ft! ft<=h4 ft! ftfell RRft cRTT I ftlftl ftloSJ R c h~^^rl4 
ft! fts ft^)-ft)R) RR RRft efft I 33ft! eTSlf ft RR7TRR Iftfeft 1^7 ft Rft 
^R-3R7 3§ftt Tftf f%7 ^7 ^TRfR ftz Rftf 3*k oRflft ft§ft WTf I Rftft 
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3* $ jfcjjf ^ ^ ^ ^ ^ ^ 

W ^1 


w$ #^chi^i< ?PJR % ^PT[ | 

# «R3* ^ ^TRT ^ «JT HR 3TO sn , ^ 

^ 3 <h«J ^ =r?f fan i *tft ^ ^ ^f?m ^n <it 







RtR RRFt ^ 7#TO 3R R RfTrfRfc # TOffiT ! 

TO‘ ^1 RR f^qj fa RTO|T; TO' TO ft 7 FTT I RTO Rfe R RTO 
RTO: TO ^ 3R% fw, 3qfc TO fTO TORTO TOl W> Rfat % 
3?t fffRT cTf^Tfl ^7! ^ TO I ^ % TO RTOF TO TOtTO RR5TT fo 

TO?T % TOTO ^ ^ TO 3RRt-3TTO TOf 3 ^T fTO I TOFR 
TOtt % Rm *R RRTI 

RR ^chl^i % RR TOt' TO TOTOf ^ TOt 3RRTT TOl RRi 
Tit R TO-TO 3R TOf 37T R§R TO TO % TOrf R fTOl 
STRT-rFERT TO TOl TO Rtf %R TOft RI, TOr hTO TO 
^RTR-RTO Rt I Rf TOT, “RR TOt fR TOtf itHRTOTOR^R? RTOt 
ft % 3RR R RR RRStfaR TO TOt I TOR 7TOT TO TO l 3RR Rf 
TO? TObR fir Rt TRFTO % trot Rt 3flTO RSt fTR RRTFt R TOt 


SO 



mRcIK 

sfR ^ cbfiH <sii4i 
3 TORT ^§RT jaf^^T 
sfe c^t i 

#T } ^ I 

?rcft =R fm % M 

^TfF I f^R ] 

3hMh) •Midi • 

FTCT3R ipF ^ falTi f 



TsTT^r cFT 3TR 


sRdil’i* ^T TM 5RI f^TT 2JT I ^ f^7 <£^1 37fc 37^7 '^TT cR ^ 4% 
TPI # 3tf-3tt 1?3I 37 37133 ^ # *1 1 spj % <SKH I?t^ % 313, 41 =H 
■?lifirjpf #1F1T«JI— 3lfl3 3T3f-3i# 733# 

^rrat 41i 3 % 4lfm sifc t#3 333 *ni 

^iHji 37)7 31^T #% #1 hBch) afk 7F>3 % 3if3<wR<}) % 3R if 

3l<t41d 3* 7? $ fa 3=#ft ^731 fo 3 31 #31 3U331 <rl4«4ldl <[371 
33# aft 3?n 33T 7?i 1 1 3? t!I 33I7 #f3?i 31317 ^rrai *n 1 3i7i 3713* 
37# sit 333# *77 if 35?f, "i^ #3R ^lt%Q; I if #3 % *# 371 31 
7?1 ^l” 

^HJI 37 I 7 37*f? 3#f t ^IWl 3^ 771*1 337 1331, “?3 37# 3713% 
#5R 3?f 3^ 7# <f I 37T7 41 3* <3154,1 33 713! #33 



^ 4|q|l s 3^ ^KIH I ” 33 f%jf Rf3 37fcTf^P7t 

33 3?pT flcchK c^ir) 2 f I 

“^*33TFT*%3R33f3lf3lT| 
f^T, 3*33 ^Tf%tr f^ra% 3<?5 3RT ^ *R 3!R | 333^ *$ 

31?f W53MI ? t| 3^3 ^|” 

3R %3* ^ ft=hci 333R «3R ^ %3T 1 ^ 3 f 3?fjT ff 

^ fcRT ^C'n 3% § % 31T3R if ^ 3 ^ | 3 ^ ^jf % 



^I^cfch 37fjT 3^f "HfH^hK f%3T, 3Tk 3% 
37RR ^ facim 3333 ^IR-TRR ^5^ Rrf | 
33T ^ %3R | ? %j3-3* ^3RT cR^TIRT 
t ? 331 3Tt f^RR* Jefa 3S3^t 3RT R% 
t%cRT 3^33 lit, 3£ wt 3P%Tt 3qfc 33% 
^TR^T % 3i^Hl< 3^ 335RI 3T%3 I 

3# ^ ^ 35* 

333V33dl 3^fl ^3 MR 3*33 % %qR 1 1” 
“W t? 33T t 3??” 

“33 t T3T33 cRl” 

“33335T 33313 t f% 33 MS3 33 3 t ?” 

33f, <ars3 33 3t 33 3R$J ^ I ” 

^ 33^4 3 cF 3T, “% 331 333 33 %t 
# M3T 3Rc* t?” 

“3T, ^ I335T Wi 33I3RT,” 3# } 3F^T I 
“333^ 331 £df% 35T 3T3 ^TT | ?” 
“■3i-^i”, 3F#T % 353T “3f 3 3§3 
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$ ^R-TJR, 37^ ifd ^ ^ W WTI t ?” 

“if,” 3# % 3^RT #fR HUI “^1 ^ ft=T 3T1H *TT4RT 1 
4fRR *T®T 1R> ^1 SR# RT t, ^ 4t Him 3^4 HW Rif ^ J ll l” 
“3Tlfe Hf?,” 3^T 4 *pi 
‘ ‘hr% n 3n^ hh4-rrhcT 4 rwt si4 ft M 1 1 3iRf ftR gft 
% RTR4 ^31R RRJ fcR HT^ RR-R1 W 4? it 3^k HT #TT, 4)fdU, ? 
^T®T Hft d 4)^41" l4 13R-^5 4 ^feT H ^T it ^ ^ 

dlM RsMRTl h 4 Rif I HRt RHfelf HI spit ^RTT ^tcTT t, 3RR 
Rr 4 1 1 3RT, 4l4 wnf Ht 37nSf 3fk Rdf 4 11RT *R R1T fo 
4 o^frpqrf 3?4-4 4 r 4 I RITIHfH TRT Ht !R 1R 37 r 4 S§)4I iHi 
4 $1I$J U I-Rfll * ®|d°ll') l4 I ” 

3^4^JTHt 3TR ^T IT 4 Rif 4*31 fH Hlf 4p R ft fe 37Rl 

14r 4 it 4 44 33T 1R ITT R| I l4t ftHHT *p, “it HT 11 

1*1 37T^ 1^1 TTR1 4 1R t 4 t?” 

“if, ITTTt 4,” 3rfjT % 3 tR flH I “RH H TTRFl 1RTT it TT1T 
^FRl 3TR1 HT 44 I 3^44 H T71 ifR 1H1T 1 4t IT TTRT 

cffl Sjif Rqp ^TRTT 1 1 ftR R^T 37fc If fHIT, flT7% ^TT 44 IT IRRt 
HlFff l4 1R felT HT I ffl% HR ^ 1H I 3 ^ ^<b\ 3^1 HT 
fRlf 3^ HHf HT HRIMl” 

^hji 4 44411 4 HU, “H it fHTTt ^4 m<N u I TM % fdR 4t ^ 
^7RT it tr 

4ft l^TT HI It Ht, ^feR” 3# 4 3^t #R RHR HIT I 
4 37TRT It 3TR ^ RUR 4t Rif I HWf 4 1R 4 ^ 

Hc3t R7-R7RR f44l 44t 4t ftdlH RRT 1 1 *RT 4tflR it, ^4f %1R 
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4 I cR cR cf^i 

R^t <<sm f^P7f ^ Rt f^ff ttct *ft I ^ W^5R, R^ R^R 

% R* TWF f I ^r ^ifrfi Rtf Tf RRt tr 

“RRT 3RR ^rfeir ^cfT^ cR cfcf MR | ?” 

“*R, W> ^!< u i Ri? Rlt i isii'S^ ^r i[ rri ^ 1 fef% f^i *f 
cl^M ^ % Rt *${? ^f R|R d^l, ItlRRT siife^i 

3^k ddl^ I 3RRt 3ltR> f^TfT37f £[ ^ ^ ^f RRRiT TR ^i^ll afft 

a 1M c H i^H^I RiR $ 6 \ RR 3R|R % *H|J-H TRlf^R RPl J l! |” 
3FT^ R^T RT % R^ TiZF, tout 1 1 # RR[ ^ 3 ^ ROT ^ | ? ” 
3T^T R 3ffjT ^ s<ld RildcfH I 

‘W 3# ^ RfcH ^ RTR ^ Rft (jfa f*M Ttt 4 i 3f^T%^ 
R* ^t ^TTf R3R 3TKR 3FRT «JR CTR 3Tk «ft3, “MSR cR 
Wf % t^Rl cfcr 7]^ ^r RRT 1 1 5ft Wfy $ Rtf 3TRTT 
W ^Ht TlirP t, 3RfTO ^cTT 3R% 3?#T % # 3R^ 3FRt 

%rrrrrt^trr ^ftt wit ?’’ rtrI 3rk^prfir^^TT^t^r 
w otrt rrR I fo R^f o^f fRsfrtt # Rtf t, rt R^f t^r ?r ^ 
3RR^t R^f R?f cblfti^i if Rt Rtf WJ\ t ?” 3% RR^-^Rf <^tr 

feir^ ^ tr 

“<ft RRT is % faR 3lfc 7£RRT M^cf RR ^T t ?” 

3^T RMc) t 3HR>I ^RT =hli t? RSMl” 

^T ?” 3#T t 3M*f ^ ^T | “# ^rf[RT ^ fiR 7^ | j% ^ 

r ^l A ^ ^1 RTt |?” 

3ffjf ^ of^T, ^T ^Rt ^rl I ^1 3^ ^tf I 3TO 

3RFT t 3RPT I ^f^R ^R if dHch) R 1 ! ^TT f 3R^f 
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33%t 37f ^373-lfe ft t 3fF I f77% 3TdT3T 3fT tW3t', ^3f, 3777%’ 
37^ Tp? 34lcHl3% 3>T 373t3 ^ I 3fT H^3-3313> f?, ^e3~3R3 It, 

%f I, 4fTd I, f3t33 37k 337337 3^1 I 3 f77 W7 % 

3733 33T 1%% 7%, ^chl 77757T «l<sa) 4 1 4) ft 4 4 ld 377 3t3 ^ft %ddl 
33T 37fc 371773171 % 3T3 3T3f fTTff 33 ftf 3% I 7J3f7f % 3T3 
e%3 3Tf7 fn^dni 3ff 3Tf% 33ff% 3 ^7% t f% 337% 3^ 33% 3^' 
37t 337 ft 3T%4 i 7RT 37 W\& 3 ff3t £7 !<=h 1 37737% 377# Tfft 1 t% 
fTT3 77t 3ff 3T% 77f 37 Tg7 % 3% chisel 7f% 1 1 ^ 3 <p5 3337 ft 
H% J II I 4 j H 3>t 3£ 3337 ^TTI" 

37^7 % WR ^3f7 %t, “337 3TT3 377 ffWfT 33 37t 37%ft ft WT 
33 77%3?” 

37ftT % 337§k ft% 37f7, “fT, ftf373 3^# 77f73f7 3TffTT | 
77Tf 377 37%ft 3% 33 33% 3% <=h1l>IVI 3% ftf%3 3tf%?7 sft 

3ff 33 3131 1 734 % %3fT37t’ 3% 
77fT3f7 % 733 33 3% 7877 33% 

ft I ffT?7 7%33 4 3fI7 % 3T77 337 ft 
33%% 3>fT, *373%, <f>®T 3%7 37^7 
% 37ft f37 % 7£fT7t 77fT3fT 3% I 
3lfd3, 3713 3%% %7t 77fT3fT ?” 

^7*3 f77 3ft$T7 % 7% t% 37^7 ft 
ff^fk 3^ I 73TS3 33 33% TRT 4 
3TI 



^ #E RR 3T#7 } FF, “-FT FNFT RF ^dl Ft*t I FtF^ Ft 
FfF* I 3 hh^ FT FT*? R RKt ^F ^ RlfF* rR FpT 

R^ RFT I FT ^TR Ft 33Ft % feTR T?F R3J Rt RlfF* I Ft 7#FRRt 
Rf% f*de^ei TFfR F I <iH=bl -Gilel d^l Ft rR? rM F 3^R ^jR 7?J % 
RfF^ F RfFf ?T F RReT 3F ^ I ^nr Ft Rt <§& F*RRt' Ft 
3UFWFdl FF I 3RR Ft RTR Rf RR ^ RF F FT FT FT 

RRT FRt 3 3TNFt RFRF RR rFr l” 

FR R FF, “fT^T Ft cTT FFR RF I F? R RF 
Rtl 3Rp, RTRFt F TR* FTfFt ^ F% FrF=RT R fddd! 

t™” 

F^d Ft -cjsfr R-lci J l^l I FW FT RF Ft FT MFK RRT -H<=bd R fF 
^Id, FT fRT R^ R RTFT RR% R 1 ? fRR FT% Mi-H eil<i 37 |rfT I 
3 T^f Ft FFF R # FT^T faRT R^ FHIci F! RT i FT%FFRR RR 
RRR fTFRdl RTF F ^FRT RRFt RRf RT RTF ! 

Ft FTTR RTF fFRFRf FTT FTTRT RRT TRF IR F FRR FTRT i 
3R% F% RRR ?T Ffc 3RFt RTR-FFRT ^TFff ! R RIFTF R FF F 
FRF fF iRReft FfR I# t i FT% 37RIRT RFR R 3^T FT ^ ReeR 

F FRT F F% RTR F R^TcTI «TF! 

3 Ffr ^ 3 FTTT RFTT, cFTRR ^RR ^ FF, F«TT F FR ^R% 
%FF^ : RTSF- F£T 33TRT 3^T FTF RFR FfR ^ F Ftf 
^T T?t Rff 1 1 cR ifsRRf ^ Reft TO ^T ^R 3TfJT R FR, “FT 
^TR % I ^RT ^R % RTF, FT Ft eftf^F I cR '9Tk 
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WR FT 71% ft *\\M I ^Kdl ^ TlTf^ ^T 37^7 

3TTm 37TfR «l’) J ll l” 

*j>4iebkcl ^ 3TfJT %oRTT <ai>sq m % ^TTt 3fk fcjnd W\ I <£^1 3% 
3*3^7 3TI^RT *f 33 TFt 3fk % 3><-k 3RRt-3FFTt *FTf 

^TR 73% ft ^l _ 

■3R it 7f% cfl^, cRf-fTf % tn-^r A 3ii<t)Kqi^ ^t 37FT 
7t«I ffeT TRTt «rt ^ qqici 3H TRcTT eFt ^ I f^RTt % *FFt 
f*R 3^ q#5RT W* ^ # fo# ^Ft ^ t 37T73 sit, A fatft % 
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chdiq<K F73 3Tfc I Ft "ST % Fft FFt Ft "Ft^t 37FT 

FSt dF3t % dT F^ I H^IM F^t FT? dd% T|R ^ 37TF ^TT% % fdR FTF 
FT ete^ FFt I T^fcFT srfJT Fit dMdMIdl dtF %, dt Wj^\ if 
*TT T?t Ft, 3% 3FRt d%3 3 Ft fFFTT 37^ ^ FFT3FT 3TT#TT? FR% 1|R 
Fft F^t I WFF, FTTtFnFtFSTt3f FR3TTFTm%FTF^F^FT?mFl, 
crlfeM ^FJf 3^tr 37^7 % FTWt % 3% fFR 3t^ 37FT F?t dMdl % fFTT f?FT 
F?T %7F% t %73% t 'JldFR TT73 ?t F% I dF^% 37?T F?|F % dFTFT 
FF 3 ^dt 37T#' % FTF 37IFt 37FT F^t FR3f ^ f^R 7% $t I FTFT % 

FlflR 37fF%^%FTF^t 
'Jldl f?FT 37F 73TF %t 3% Ft FR R<Hl I 

IF ^ftl chi^S %• chK u l J|hT $cIH 1 FF J l4) fF> F J ld % Ft ITtFT 3^k 
didiq $ 3HF>I FTFt 3FFT% FFTT I Fs5fFF7T F7FR T TFTt FT FFTf I 
FFt FtF F7t <^F F^ FFFT % 3 r 7 FFt I 37TFFTF % FTFt if 
Ts^qKrl FTtF "SltT, 5^F 3ffc 3F FFFR ^3F ^ FF^t % fdR FT FR 
FTF 73% I 

Wf % %FFT F7tF Ft FjR5 %T FFi FFFtF FfFR F? F>T5 %73% 7%, 
foR FFT FTF FR 37F% TTFT IS % FTF F% I FFTFTT TfT IS % F%F 
FTT IcJchMI 3 T?T I 

%FFT % FT?T, “H^RN, 37IF^t FTTF? 7WI ?t foF^ 7§T^F % 
Fit f I F? 37Ft F?F3tF 3 FF7F F?f 37TFT I FtfFF 37FT F? itFT Ft Ft 
7FfeF F^t FFTFT FgF F^3F FT | M 
“FFt‘ FfeT FT?” IS % R^TI 

u FFffFT37fF 37%dT 3%f tl fJ^T 3^T 37^T 3R^t TT^TFTTT FR 7% 1 1 
IF 77FF 3FFTT TF dd% |R dFd % 3FT 73fT tl” 
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3jfc 3^T 3rfTO %sr $ 3^ 3T3RT rA 
$ ! Rife ^cRTT3Tf 
3T^R ?rr fc 3#t SfcM f^ 

w ^ 3^k TIT^r # f^T sfa 

SF^T cFt RTO 3R f%3J % WR 

%ir ^rrcjt i 

^ I 3^ ^oR!T3ff ^ 3WI ^ fa M 
3#^R^I 3^ TT^ W^\ t{^'t 

3TO TRR RT3 Ft T TRI TOTFf Wi\ 
~m °R % # Tf^ 371? 

7^ tW> W 3t f®I A 3T3R ^T % 

^R m 3ft, «rR# % *, 




«T5TR§ RPR RRR RR I R RPR 3Tf%-3qrl 
• ♦ , • * 

^ fR*5 R% RRt 
% Rt^ R^R RR fRRT ¥fl ^ I fRRT 
H^ch) S?R RR J l4] fRi HmI «K^I Rt *R 
sft 3RR Rft RRT <s)IWi I5R RT ^ 
RR RRTR % fRRRt’ RT RRT 
RRT I Rfa-Rft ScHI 4 1 4) RRT Rt RRi 
fa 3T^t-RRTt R^ RR im\ 3RR R 

RTR4 RTt <$fm) if Rl|R 3 Rfa 
R^T R f*R RR RT R%l 

3R^T 3R^ T*RRR R* RRR #*r RR 
tZ, ^ % ^RRT RRRR, RR % ^RRT 
RPJ 3RR 4c|dl3Tt R>t RTR RRR 
d-s 4 3 RR | <J)WJ| 3 ^ 3 R^? R 
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f33T I 35T 33> f% % ^7 ^3735 3% <ril3H <s^ 

^ ^HI3>7 3733t 737T 3# 3^ I 3% 3733T 333 ^ 3^3T 3T 37fc 1%-H) 
3337 3373^ %t 3# 3?fc ^ =Ft 7$fl 333t 3t I 33 1& ^ 3ST35 ^ 33 
<ffl*7 f^33 3fa-3 f^aqf 37t 773T3^ 37t 3v5T 3T t^T% ^3 ^T 3T 
t^zfl TFfr 3T 3t 35 333 f33T 3T f% 377% ^t-3^ 7$ff %W 1 
*T«r 373^ 3 I H< T 7 3T53 37 ^ 333T % 3J37 33T% % 3^35 3^3#^ 
3% ^73 feFTT 37k 3^3 3T33f % #3 ^ 3533 33% 3T77 31^ Wit I 
3773^^^35^7337 313^^37331 «ft I 37^7 % 377 ^7 3Tf33 %t 
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3HWT m ^ 3 

f^THT TfT^ eFt I 
^T ^ 3% TT^T sffc ^#H eft 
fi^K ^l, “cT$^ eft F<ft d^Ki 
^ | ?” ^ ^T ^ f^IPTt qnff ^ 

T^T 1 1 39T 3ft ^FTeT 3 T# ft 
f^FTft cpf cTt W3Tf 3^ ^ «R 
*F *M?” 


cT8^ ^ R# ^ ^T, 

'P^fcftti^ftsiFTft 

% fftR d^chl fa'jcrl 
feFfTI gft.Rft f5RT ^7 3R*ft 
RT ^=hci l” . 

^1? ft 3i'j[«i % 3FHT 
^ ^1 fft^TI 
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WScT -ZR ^ w f^T ^ *RRTT TfT I 3TOt ^Iddl p 

3 *ft *R RTR, ^T, 3^k ^1 fo*JT | 3^k ^ *T^ 

3}fc ^RT ft R% ft ^RT ff fR fefT I 

^Rf 3TR RtRf ff> ^JRT A fft 37HIfMRT TO ^F3R 
cKTcft W ftf 3RcT ffRfR *JTI 
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Conserved sequences found in all examples of a particular 
type of regulatory region in DNA, such as promoters are „ called 
consensus sequences, e.g. in a large number of E_, Coli 
promoters the two consensus hexanucleotide sequences are 
TTGACA and TATATT; 

Eukaryotic cells have three different RNA polymerases. 

One of these makes all of the RNAs that codes for proteins 
(i.e, the mRNA) ; the other two make RNA molecules with 
structural and catalytic roles (such as ribosomal RNAs and 
tRNAs). All three large multi subunits enzymes that resemble 
the .bacterial enzyme, but the promoters each enzyme recognises 
are 'more Complex and not as well characterised. It is . 1 
unclear why both bacterial and eukaryotic RNA polymerases 
are such complicated molecules with multiple subunits and 
a total mass of more than 500,000 daltons, 

TRANSLATION : 

We now begin to look into how aingle-stnnded RNA 
molecules function during the process of translation, or 
protein -synthes is. 

Transfer RNA Molecules Act as Adaptoors that translate Nucleotide 
Sequences into Protein Sequences. 

All cells contain a set of tRNAs, each of which is 
a small RNA molecule (most have a length of 70 to 90 nucleotides). 

• j ■ i ' ’ “ The tRNAs by binding at 

one end to a specific codon in the mRNA and at their other 
end to the amino acid specific by that codon, enable amino 
acid to live up according to the sequence of jnudleo’ti'desi in 
the mRNA. Each is designed to carry only one of the 
20 amino acids used for protean jsyntesis : a tRNA that 
carries glycino is designated as tRNA Gly, and so on. Each 
of the 20 amino acids has at least one type of RNA £vs signed 
to it, and 1 mat have several. . , Before an amino acid is 
incorporated into a ,proteen chain, it is attached by its 
carbonyl end to the 3* end of an appropriate tRNA molecule. 

This attachement- serves two purposes. First, it links 
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cavaleatly the amino acid to a tRNA containing the correct 
anti codon. Codon - anticodon pairings °? na ble eac ^ aniino 
acid to be iriSerted into a & Yowin & P rotefen chairi according 
to the dictates of the sequence of nucleotides in mRNA therebjl 
allowing the genetic codd to be used to translate niicleotide| 
sequences into protein sequences* The second function 

of the amino acid tRNA attachment is to activate the amino | 
acid by generating 1 a high energy linkage at its carbonyl end p 
so that it can react with the amino hk group of the next 
amino acid in the sequence to form a peptide bend* Non- 
activated amino acids canhot be added directly to a growing 
polypeptide chain* 

Specific enzymes couple Each Amino Acids to its appropriate 
tRNA Molecule * 

Only the tRNA molecule and not r its attached amino acid 
determines where the amino acid is added during protein 
synthesis* A tRNA finds with its appropriate ammo acid out ' 
of the twenty different amino acids with the help of the 
enzyme airnoacyl-tRNA synthetase* There is a different 
synthetase enzyme for each .amino acid (20 synthetase in all)» 

Initiation Process ; 

During the initiation phase of protein synthesis, the 
two subunits of the rebosomes are brought together at the 
exact spot on the mRNA where the polypepfids chain is to begin 
The small subunit is initially loaded with initiation factors 
(Fig. ) and finds the stoift condon AUG* Then the large 
subunit ‘is attached*. A special tRNA which carries methionine 
binds to the condon* The metheonine tRNA (formyl methione 
in prokaryotes) occupies the P-eite another aminoacyl tRNA 
depending on the next condon comes and attaches to the A~sitfi‘ 
Amino acids are added to the carbonyl-Terminal end of a 
growing polypeptide chain* The fundamental e reaction of 
protein synthesis is the formation of a d^petide bond between 
the carboxyl group at the end of a growing polypeptide chain 
and a free ammo group on an amino acid* Throughout the 
entire process the growing carboxyl ond of the pelypeptide 
chain remains activated by its covalent attachment to a tRNA 
molecule (a peptidyl tRNA molecule)* 
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In the course of synthesis the translation machinery 
(i,e* ribosome alongwith tRWA) moves in- the 5- to 3*- 
direction along* tho mRhiA and the mrtNA base sequence is 
read 3 nucleolides (l triplet) at a time. Since RNA is 
constructed of 4 types of nucleotides (adenosine, guano- 
sine, thymidine and uridine) ,thUre r.ncr 64 possible combina- 
tions of three nucleotides (rig- ) (4x4x4x4)‘* Three of 
these (UAA, UGA and UAG) do not code for amino acids, 
instead they specify termination of polypepti de ch ain.,, they 
are known as stop signals* Thus there are 61 santf codon to 
specify only 20 different amino acids (Fig. ). 

A ribosome moves stepwise along the mRNA chain: 

A ribosome contains three binding sites for molecules, 
one for mfiNA and two for tRNAs. One site called the peptidyl 
site or P-site, holds the tRNA molecule that is linked to tfte 
growing end of polypeptide chain* another site, called the 
ammoacyl-tRNA binding site or A-$ite, holds the incoming 
tRMA molecule charged with an amino acid* The process of 
polypeptide chain elongation on a ribosome can be considered 
as a cycle with three discrete steps. Step 1 - an amino 
acyl tKNA molecule binds to a vacant A site by forming base 
pair with a codon in mfihi/i* Step 2 - The carboxyl end of the 
polypeptide chain is detached from tKNA and gets linked to 
the amino se end of tho amino acyl tKhlA at the * site. This 
reaction is catalysed by peptidyl transference enzyme. Step 3 
the new peptidyl tRNA in the A-site is traurtreated to P-site 
by movement of the rebosome exactly by 3 nucleotides* This is 
an energy consuming process and requires GTP. 

To the free A-site a new aminoacyl thN* comes at binds 
and the above processes continue* 

SmkaSlsas 

Three of the 64 codons (Uaa,UaG and UuaJ in a mRlMA fflole- 
cui are stop codons, which terminate the translation process. 
Cytoplasmic protein called release factors bind directly to 
any stop codon that reaches A-site on the ribosome. This bind- 
ing alters the activity of the enzyme peptidy transferase 
and causes the release of the newly formed polypeptide* into 
the cytoplasm- The ribosome then releases the mRNA molecule and 
dissociates into its two separate subunits', which can assemble 
again on another mRNA to begin a new round of protein synthesis.' 




TISSUE CCTLTORE 


Mrs* Pm Mishra. 

Tissue culture is a general term that is concerned 
with the study of not only tissues, hat also of cells# 
protoplasts and organs maintained or grown in vitro . In vitro 
technique (meaning literally in a glass) is relatively a new 
branch of biological science/ is based on the concept of 
" Totipotency of living cells 11 * a theory put forth by the 
German botanist' Ur . G»Hhberlattdt in 1902. Totipotency may be 
defined as the inhere nt capacity o f a living cell to reg ene- 
rate into a whol e organism jg derived from the fact that 
as each cell of an organism is derived from the fertilised 
egg it must possess the inherent capacity to divide and <£ive 
r^lse to the whole organism. If all of the cells of a given 
organism are essentially and totipotent, then the 

cellular differences observed within an organism must arise 
from the responses of the cells to their microenvironment 
and to the other cells within the organism, ft" should be 
possible to restore suppressed functions by isolating the 
cells from those organismal influences responsible for their 
suppression. If these has been a loss of certain functions, 
so that the cells in the intact organism are no longer 
totipotent, then isolation would have no effect on restoring 
, the lost activities. The use of culture techniques 
the scientist to segregate cells, tissues and organs from 
the parent organism for subsequent study as isolated bio-" 
logical units . 

HISTORY : 

In 1902 Habulandt was the first to attempt to culti- 
vate isolated plant cells in vitro on an artificial medium , 

In the 1930 1 s the subject was put on a scientific 
foot through the works of Dr. R.J. in France and 

Dr. P.R. White in U.SoA. In the late 1950's, F.C. Steward 
and his Co-investigators at Cornell university demonstrated 
Cellular Totipotency . Their experiment consisted of culturing 
carrot root cells in a nutrient medium supplemented with 
coconut milk. The cells developed into plantlets. 
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In 1963 and 1964 Halpe and Wetherell 

demonstrated the production of thousands of somatic embryos 
from carrot cells plated on a nutrient medium in petridishes 

Totipotency of .cells has now been , repeatedly shown 
in a wide number of plant tissues of diverse origin. This 
unique property of cells has been imaginatively employed 
for prorogating plants through tissue culture. 

Broadly 2 kinds of plant growths are possible. 

£) Organised growth ; in which organised plant parts 
' continue to grow or when organised structures are 
formed afresh from unorganised tissues. 

ii) Unorganised growth s which is seldom found in nature, 
This occurs fairly frequently when pieces of plant 
parts are cultured in vitro. They can be increased ir 
volume by sub-culture and can be maintained in solid 
or liquid media for long periods. j 

In practice the following kinds of cultures are most 
generally recognised 

Callus Culture sCell aggregates arise from disorganised 
growth of small plant organs or detached plant tissue 
or previously cultured cells. 

Cell Culture; is the Culture of individual cells or 
populations of cells and cell clumps dispersed in an 
agitated liquid medium. Also known as Suspension 
cultures- Here the cells are no longer organised into 
tissues. 

Protoplast cultures is the culture of plant cells 
that have been isolated without a cell wall. 

Organ Culture : i s the culture of whole organs of a 1 
plant in aseptic conditions. This may be meristem 
tr shoot tip culture* single ^node -pultufh*> another'. 

‘ culture embryo culture etc. 

Tissue Culture The maintenance of growth of tissues 
in vitro, in a way that may allow diff erentation and 
preservation of their architecture and/or function. 
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5 ub-Culture $ Aseptic transfer of a part of a culture 
to a fresh medium. 

Callus Disorganised meristema tic or tumor like mass of 
plant cells formed under invitro conditions. 

Explant A fragment of a tissue Or organ which is taken from 
its original site and transfered to an artificial environment 
for growth or maintenance. 

Passage ; The duration of each sub culture. 

Complete new plants can be derived from tissue culture 
in 3 ways. 

i) from pre-existing shootbuds which are encouraged to 
grow and proliferate 

ii) from shoot morphogenesis when new shoots are induced 
to grow from unorganised tissues or directly upon 
explan ted tissues of the mother plant. 

iii) through the formation of Somatic embryos which 
resemble the seed embryos of intact plants and which 
in the same way can grow into seedlings. 

Ideally neV,1 Y formed plants will be genetic carbon copies 
of parent plants but irregularities to sometimes occur. 

The parts to be used as explants depend upon 

i) the type of culture to be initiated, 

ii) the purpose of the proposed culture 

iii) the plant species to be used* 

The correct choice of explants and the time of the year at 
which it is obtained can have an important effect on the 
success of tissue culture. 

Plants growing' in the external environment are invari- 
ably contaminated with, ?picro-organisms. Such organisms in 
particular bacteria and fungi compete adversely with plant 
materials growing in’ vitro. 

Explants must therefore be freed from contaminents 
before they are transferred to culture and the vessels and 
media in which cultures are grown must be sterilised and 
in a septic K condition throughout. 
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There are a variety of chemical agents in common use § 
for the surface sterilization of plant material. The choice 1 
of agent and the time of treatment depends on the sensitive 
of the material to be sterilized. Frequently it is seen that! 
too much of sterilization leads not only to the complete I 
removal of all micro-organisms but is also lethal to the ft 
plant tissue. It is therefore, important to determine the I 
pptimal conditions for each tissue. - I 

The sterilizing agent should be easily removable, 
because the retention of such chemicals will seriously affect 1 
the establishment of the collus. Repeated washing with : 
distilled water will remove most chemicals. Some sterilizing \ 
agents breakdown and become less toxic and the products can I 
be easily washed away. For Ex. Sodfeum hypochlorite breaks 1 
down to give chlorine, the active agent, and sodium hydro- 
xide, which can be removed, while others like Hydrogen 
peroxide decompose to give harmless components which 
evaporate, j 

Following surface sterilization plant materials arc 
transferred to suitable nutrient medium. The composition 
of the culture medium is' an important factor in the success- ? 
ful establishment of a tissue culture. Culture conditions 
favouring callus growth may not be suitable for organ ! 

dif ferentation. Each tissue type requires a different 
Formulation' 0 depending on whether the objective is to obtain 
optimum growth rate or induce organogenesis. 

Several media have been developed by various workers 
to suit particular requirements of a cultured tissue. 

A standard or b 4 medium consists of a balanced 
mixture of micronutrient and micronutrient elements (salts 
of chlorides, nitrates, sulphates, phosphates and iodides 
of Ca, Mg, K, Na, Fe, Mu, Zu and boron) Vitamins 
source organic growth factors (aminoacids, Urea and peptones) 
a source of reduced nitrogen supply and plant hormones. 
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Addition of deproteinized coconut milk, tomato juice, 
water melon juice, orange juice and oth^r plant extracts, 

YE, ME, or protein hydrolysate brings about mitosis in 
quiescent cells and has proved beneficial though not essential 
in cases where the tissues do not divide easily on a purely 
synthetic medium. Different nutrient media have been formu- 
lated by various workers- 


Iron is added in the form of ferric citrate or as 
FeEDTA (ferric sodium, - ethylene diamime-tetra acetate) 
ip order to ensure its availability over a wide range of PH 
of the medium. 

The PH of the nutrient solution which is a balanced 
mixture of macro and microelements is adjusted to 5. 6-6.0 
by the addition of 0.1 HCL or NaoH. 

The growth regulator requirments for most Callus 
cultures are auxin and cytokinin. Auxins, a class of compounds 
that stimulate shoot cell elougation , resemble IAA in their 
spectrum of activity, Cytokinins, which promote cell division 
in plant tissue regulate growth and development in the same 
manner as-kineti (6- furfuryl amino purine) cytokinins 

g 

are mainly N - substituted aminopurine derivatives. Auxin- 
cytokimin supplements are instrumented in the regulation of 
cell division, cell elougation, cell dif ferentation and organ 
formation. Gibberellins are rarely added to culture media* 
altho GA^ has been used in apical meristem cultures (M$r£l-£nd 
Muller 1964). 

The auxins most frequently employed are IAA,\NAA 
U-naphthalemacetic acid) and 2, 4-D(2,4-dichlorophenoxyacetic 

acid), iba (indole-3 butyric acid) is a particularly effective 
sooting agent. IAA is a naturally occuring auxin, but unfortu- 
nately it is readily degraded by light and enzymatic oxidation. 
Because IAA oxidase may be present in cu^tu^d^^i^sues, IAA 
is added to media in relatively high j (l-30mg/l) . The 
most effective auxin for callus proliferation for most cu. 
cultures is 2.4-D., The most widely used cytokimins in culture 
media are kinetin, benzyladenine and Zeatin. K^netin and 

benzyladenineare synthetic compounds, whereas Zeatin occurs 
naturally. 
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Cu lture Techniques 

The first techniques developed for callus culture were f 
simple and employed media solidified wilt ££££* 2£±£%ix\ or I 
jilicq cjeli The q great merit of this form of culture is i^l 
extreme simplicity* Only simple standard laboratory gla$s%| 
is required and there is no need for complex mechanical - 
devices or elaborate, .containers* In addition large numbers $ 
cultures can be accomodated in a small space* However, a 
survey of the literature on plant tissue cultures will show • 
that solid media have now been largely relegated to the ; 
establishment and maintenance of callus cultures* Much of thr 
recent critical work on nutrition metabolism and growth has 
been performed with liquid media* The reason for this are tto 
limitations one comes across when culturing on a solid media. ; 
Firstly, only one part of the callus or 'explant is in contact! 
with the surface of the medium* It is likely, therefore, that! 
as culture proceeds, inequalities in the growth response will t 
arise in response to the* nutrient gradients set up between ; 
callus and medium* Similarly there may be gradients in the 
exchange of respiratory gas'ds due to occlusion of the base of t 
the explant* Gradients of toxic waste products may be estabh f 
ed* A further disadvantage observed in that cultures grown on 
solid media cannot be transferred to liquid media without m 
disturbance to the tissue* Despite these limitations the 
culture of callus on solid media with agar remains the method 
par excellence for the routine maintenance of cultures and is 
still used for experimental investigations. 

The culture of tissues in unshaken liquid media has all 
the advantages of the solid medium methods and many of the 
disadvantages are absent* Here the tissue is placed on an 
ash-less filter paper sppaja support held at the interface of 
the medium wilt the air in the test tube* The filter paper j 
acts as a 'wick providing nutrient while keeping the tissue in ! 
the gas phase* 

The culture of explants agitated in a liquid medium 
eliminates many of the disadvantages ascribed to the culture 
of tissues in stationary culture. Movement of the tissue in 
relation to the nutrient medium facilitates gaseous exchange! 
removes polarization of the tissue due to gravity, and 
eliminates nutrieikts gradients within the medium and at the 
surface of the tissue. These can be placed under two categoii' 
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1) Continuous immersions techniques in which the tissue is 
always in contact with the culture medium and the mixture 
is shaken or stirred continuously* 

2) Periodic immersions Techniques in which the tissue spends 
periods immersed in the liquid medium alternating with 
period in air* Such an arrangement ensures adequate mixing 
as well as providing efficient gaseous exchange* 

Callus cultures require to be transferred periodically 
to a fresh nutrient medium* Extensive growth leads to the 
exhalation of nutrients, drying out of solid media or concen- 
tration by evaporation of liquid media and the accumulation 
of tissue metabolish* Cultures maintained on agar at 2b C or 
above require to be sub-cultured every 4 to 6 weeks* In the 
early stages of callus development it may be convenient to 
transfer the whole piece of tissue but the sub-culture of 
established callus demands the frequent sash sub-division and 
transfer of separated pieces* In this case it is important to 
transfer small healthy looking pieces to the surface of fresh 
agar medium* Failure to transfer cultures ultimately leads to 
the death of the callus wtoishxa while a sub-culture from 
necrotic callus tends to grow much less actively than one taken 
from an .ctively growing healthy culture* 

The general growth characteristics of a callus involve 
a complex relationship between the plant material used to - - 
initiate the callus, the composition of the medium and the 
environmental conditions during the incubation period* 
Establishment of a callus from the , explant ,can be divided 
roughly into 3 developmental stages (i) induction (ii) cell 
division and iii) differentiation* During the initial induction 
phase metabolism is stimulated as the cells prepare for 
division. The length of this phase depends mainly on the 
physiological status of the explant cells as well as the 
cultural conditions* Subsequently, there is a phase of active 
cell division as the explant cells revert to a meristematic 
or n dedif£oe..tiated T! state. The third phase involves the 
appearance of cellular differentiation and the expression of 
certain metabolic pathways. 

A homogeneous c'allus' consisting entirely of parenchyma 
cell is rarely formed* Cytodif frentiation occurs in the form 
of tracheary elements, sieve elements, , suberised cells, 
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secretory colls and"’ trie homus. .Small'- nests of dividing # 

. form, "mcristemoid^'or 1 vascular 1 nodlilo that may become cyii 
for the formation* of shoot apices, rod t- primordia or rocip 
embryos* One serious problem associated with the. use of c a 
cultures, as well as other cell culture systems, is geneti 
instability resulting in variations in phenotypes within t 
coll population- Phenotypic variations arising during cult 
may have either a developmental (epigenetic) or a genetic 
basis* Genetic variations may involve chromo^WNte abexrat 
nuclear fragmentation and ondo duplication resulting in 
polyploidy* The frequency of these nublear abnormal 
usually increases with the age of the cylture, and the cut 
ral conditions may act in a selective manner* Obtain ancu, 
or polyploid cells might gain an advantage in division rat: 
over the normal cellsp^g^^f^Y^^? to a greater extent, and 
ultimately remove tho dominant cell line of the culture. 

The first indication that in vitro organogenesis couli 
be chemically regulated -to some extent was given by Skoog 
(1944)* He found that "the addition of auxin!: to- “the. medium 
servpd to stimulate, root- formation, whoreaa, shoot initiate 
was inhibited* Subsequently it was found that actenine sulpto 
was active in promoting shoot 'initiation and this chemical 
the inhibitory effect of auxin* The studies of sko; 
and his clleagues led to the hypothesis “that- nr gano genes 

is controlled by a balance between cytokinis and .Auxin* a 
relatively high auxins cytokinis ratio induced root format! 
in tobacco callus, whereas a low ratio of the same hormone! 
favoured shoot* The formation of floral buds, vegetative 
buds, and roots has been demonstrated in thin cell-layer 
explants of several species by regulating the -auxins cytokif- 
ratio, carbohydrate supply and environmental conditions* 

Torrey(1966) - Organogenesis in callus, starts with the 
formations of clusters of meristomatic . celJks (meristermoid$ 
capable of responding to factors within the system to pr<^ 
a primoxdium* depending on the' nature of the internal 
the stimuli can initiate either a root, a shoot.or an 
embryoid* many observations on organ formation „ in cultured 
tissues support the hypothesis’ that localised meristematfc 
activity precedes the organised development of -.roots and 
shoots. The factors that regulate the origin of these 
meristematic zones are' not understood* Since triese* zones a» 
located in the vicinity ,of ±h<* tissue-medium interface, 



- 9 - 


' ' 73 

has been suggested that physiological gradients of substan- 
ces diffusing from the medium into the tissue may play a 
role ■ determining the lcci at which meristemoids are formed* 

Once the cultures are established these are sub-cultured 
for the increase in volume- The duration of each subculture 
is called a passage- Sub-culture is usually done at interval 
of 4-6 weeks 9 length of which depends upon the rate of 
growth- 

* f - jPlant propagation through tissue culture 
also termed as micropropagation which is generally divided 
into four stages s 

Stage 0 - mother plant selection and preparation 

Stage I - establishing an aseptic culture 

State 11- Production of suitable propagular 

Stage 111- Preparation for growth in the natural 
environment. 

micropropagation is usually very much more rapid than 
the traditional methods- It cannot only provide increased 
rate of propagation but can facilitate vegetative nultipli- 
cation of plants that had previously been proved difficult 
or impossible to propagate- The efficiency and reliability 
of vegetative propagation through micropropagation is 
important for a number of reasons. 

In the past, agronomists tailored the environment to 
suit the crop but plant breeders have to tailor the crop 
to suit the environment* Muxzh has been and continues to be 
accomplished by the use of conventional, non-molecular tool 
of genetics. We have yet to exhaust the potential of 
classical genetics to improve crop productivity, but with 
increasing pressure for further improvements in Crop plants, 
crossability barrier, linkages, variability in gene 
expression, low selection efficiency for complex traits etc*, 
pose limitations of conventional breeding techniques 

effective use in the future. The new tools of genetics 
which include tissue culture techniques offer new possibi- 
lities in solving some of these problems. 

-Tip and bud culture s 

These techniques are alternative means of asexual 
propagation of economically important plants. The explant 
of fteristem culture may either be the apical dome 
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(apical meristem ) or more frequently, the apical dome 
plus a few sub-adjacent leaf primordia. The cultures ars 
initiated from either terminal or axillary buds usually 
with the stem segment attached, using either a growing « 
dormant shoot. Plants derived from rneristem, shoot tip* 
bud cultures are generally phenotypically homogenous then 
indicating genetic stability. Application of these tissue 
culture techniques for rapid cloral propagation is highly 
desirable in cases such as (a) problem sps. - do f not 
produce seeds or produce very few seeds, produce- viable 
seeds, have slow rate of multiplication, when advanced 
breeding lines have been identified it is important to 
propagate as many see^j' or plants as is possible to permit 
variety release. At this point tissue culture may be used 
in conjuction with other asexual methods to propgate clona* 
lines for seed production. Such an approach was used in 
Equador to establish elite clones of Pyrethrum(ChrysatheiM 
cincti^iccfoliuflvs ) for commercial production. In some 
cases, cultivated crops, particularly eash crops,where each 
individual plant is valuable, may be cloned using tissue 
culture. 

Plants obtained through conventional vegetative 
propagation a x re liable to accumulate systematic viral, 
bacterial or fungal infections, disease free individuals 
obtainable only in small numbers will similarly need rapid 
multiplication. 

\ 

It has been observed in a largb number of plant 
species that the concentration of infective viruses is 
low in the apical meristem of a plant. The lack of vascular j 
differentiation in the meristem impaires intercellular 
movement of viruses and the active metabolism of mitotic 
cells precludes viral infection. In certain crops or 
ornamental species, it has been economically useful to 
develop in vitro techniques to produce virus - eradicated 
plants. Those species include the elimination of mottle 
virus from straw beery, potatq virus x from potato, 
cauliflowers mosaic virus from 'cauliflowers. 
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Plants regenerated frorn callus may also be free of 
viral infection* Callus tissue is similar to meristematic 
tissue as cell mutosis is rapid and vascular differentia- 
tion is incomplete. Virus-free plants have been regenerated 
from callus in tobacco , geramium, Gladiolus and potatoes. 
Although callus tissue results in virus-free plants, chromo- 
some abnormalities have been documented in plants regenera- 
ted from callus tissue. 

Anther ,,. Culture 2 

The advantage of the in vitro production of haploids 
over the conventional method is the shortenning of time to 
achieve homozygosity. Since homozygosity is attained in one 
step, one to 5 years of selfin’g and res ejection which is 
done m curcumtienal breeding could be bypassed- Since no 
further segregation occurs each plant derived from anther 
culture is a potential new variety and could be screened 
immediately for desirable characters. M3r#a VJ as able to release 
an anther cultured derived variety (riwas ) in 5 years, 

in contrast to ten or more years required to develop a variety 
through conventional means- Rubber trees from selected pollen 
plants wibh increased yields of late x,, 8 superior growth vigor ,, 

bloom , and increased c.qld resista nce were also reported. 
Likewise, winter bread wheat 1 Flori n T has beep released ,as a 
commercial winter wheat variety. It is the, first wheat variety 
developed by anther ' culture method in the Western World* 

Anther culture also allows faster production and 
selection of useful mutants- Since haploids possess only 
are set of allies at each lacus, it is possible for 
recessive mutants^ to be detected* In this way, difficulties 
in the selection of mutants due to dominance are negligible 
and most, if not all genes,’ are expressed* This allows easy 
isolation of recessive mutations because they are expressed 
immediately- Although in anther culture as in mutation 
breeding it is not difficult to generate variants and most 
will be deleterious. ( by virtue of some metabolic imbalance 
wnich may be expressed as reduced vigour or fertility, rice* 
plants wiith 1 ji^gor-.. seeds, higher levels of seed protein, 
shorter statue and mpre highly tillared than the 
were, obtained from selfed anther-derived plants* 

^any secondary plant products such as dyes, fragrances 
anu are produced by the plants often in very minute 
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quantities as defense mechanism for their survival# 

In vitro culture of different explants could be 
helpful in isolating and increasing the yield of sp. plant 
cells which produce such compounds# Moreover , in vitro 
culture yield products which 'are more easily purified# The 
production of secondary plant products has been achieved 
by especially by selecting high-producing cell li^es either 
by visual selection as m the case of pigmented products ox 
by chemical analysis of the cells as in the case of colour- 
less compounds. 1 

Shikonim , a red na phthoquino ne pigment used for 
medicine, dye and cosmetics is isolated from the purple 
root of Lithospermum erythrorhizor, a perennial herb native 
to Japan, Korea and China# Japnese scientists have devised 

Y 

a cell culture system in which the cells containing the red 
pigment can grow faster and yield higher compared with the 
whole plant. Other important secondary plant products are 
Vinblastine and Vincristine which are isolated from 
Catharanthus roseus. Berberine are important pharmaceutical 
alkaloid that has antibacterial and anti-inf lammatory 
ac4#vit*ess (12.7#) from the roots of coptis japanica (2.4#) 

'than 5 years). Yield of digitoxin which is the most 
active principle of Digitatis, a powerful cardiac stimulant 
and directive, can be increased by as much as 400# in tissue 
cultured with GA3. 

Cell cultures which could be induced to form plants 
through somatic embryogenesis have advantages# This 

is extremely important in the exploitation of hybrid vigour 
in crops. FI hybrids may yield more than either parent*- 
butter known as hybrid vigour. The constraint in the use of 
hybrid technology is the high price and limited supply of 
hybrid seeds# Am alternative is the mass production of 
encapsulated somatic embryos from FI seeds. 

Somacloral variation which refers to the genetic 
variability observed in plants, and their progeny from 
tissue anu cell cultures could be utilised in increasing 
crop productivity. Soma’doral variation has been observed 
in economically important plant sps# which include tomato* 
maize, potato aljalja tobacco, rice etc# 
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Plants regenerated from protoplasts of the potato 
variety Russelt Burbank were not j^jpti$£%cirbon copies of the 
parent* ShepoEid(l 982) examined over 10,000 plants regenera- 
ted from protoplasts and demonstrated that each differed 
in some way from 1 the parent- The proto domes showed variation 
in tuber colours, weight, specific gravity length, width and 
height, maturity date and photoperiod requirements. A few 
were moie resistant to Alternania Solari toxin than the 
parent* and some should field resistance to early blight 
About 2*5% of protoclones screened were resistance to 
p hytophthora inf es tan s - 

Embrvo Resource 

Interspecific hybridization is an important tool for 
introducing valuable trails from wild species into the gene 
pools of cultivated plant species* Usually, such cresses 
do not yield any agriculturally beneficial hybrids primarily 
because in the transfer of beneficial alien genes across 
interspecific or intergeneric barriers, too many deterious 
genes are also introduced* The resulting disturbance in 
equilibrium between the growth processes of the maternal 
tissues, embryo and endosperm load to embryo mortality and 
seed collapse. These post zygotic in compatibilities can be 
overcome by embryo culture or embryo rescue* 

Embryo rescue has been useful in the hybridization 
between two jutespecies Cor chorus olitorcinus and C* caoisularis - 
Here improved quality with resistance to pest and diseases 
were incorporated pn one genotype- Wide hybridization is now 
being utilised in rice* Uenes for brown planthopper resistance 
have been transferred from the wild sps* O* officinialis 
into cultivated rice by Embryo Ksctaxsx rescue* 

Synthetic seeds : 

Somatic embryo are of typical bipolar nature and 
resemble the zygotic embryos found in the seed- Now-a-days, 
bio technologists are working on the possibilities of 
producing acftificial or synthetic seeds from somatic 
embryos of important agricultural and forest plants* In 
Synthetic seed", a somatic embryo is generally encapsulated 
in some nutrient gel which acta as the endosperm for the 
somatic embryo. These synthetic seeds can be stored and 
transferred easily and can be sown in the field beds directly. 
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Protoplast Isolation and Fusions 

Somatic hybridization which can be accomplished by 
protoplast fusion is a means of overcoming prezygotic 
incompatibilities in interspecific, intergeneic, and inter* 
familial crosses. This technique is also important in the 
transfer of cytoplasmic traits such as male sterility and 
herbicide tolerance. , 

Protoplast fusion is made possible by the use of poly- 
ethylene glycol or by electro-fusion* Fused protoplast when 
properly selected and regenerated into plants may exhibit 
combined characteristics of both * There are some successful 
somatic hybrids obtained from protoplast fusions in Brassica, 
Nicotiana and Solanum . Studies in the transfer of resistance 
to bacterial wild' fire diseases and fungal shank from 
Nicotiana rustica into Nicotiana tabacum were attempted usin 
somatic hybridization (PatrjUc et al 1982). 

Recombinant DNA Transfer 

This technique involves the identification of the desiia 
genes, isolation, duplication and insertion into a receipient 
cell. The goal is not only to insert the gene, but to have ttii 
gene expressed- 

The transfer of genes should be done by vectors which ca 
the desirable gene. The most promising vectors so far seems tc 
bo the tumour inducing(Ti) plasmid . carried by Aaro bacterium 
tumefaciens. This bacterium causes tumour growths around the 
root crowns of plants. It infects only dicotyledonous plants 
and its virulence is due to the Ti plasmid, which when it is 
transferred to plant cells induce tumours. Once si inside the 
cell, a smaller segment of the Ti plasmid, called T-DNa, is 
actually incorporated into the chromosomes* 

Since A. tumefacihflr, <-iioes not infect important cereals 
such as maize, rice etc. other gene transfer techniques that 
are potentially applicable to all sps. axe being developed* 
One of these techniques is electroporation which uses brief* 
high voltage electric shocks of few microseconds in bIA 
duration, which opens pores in the membranes of plants 
protoplasts thereby facilitating the introduction of plasmids 
carrying desirable genes « 
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PROSPECT OF PLANT PROTOPLAST TECHNIQUE 
FOR GENETIC MANIPULATION 


S' N. Patnaik 
P, G. Deptt. of Botany 
Utkal University 
Bhubaneswar -7 51 004 

Plant cell differs from animal cell by possessing 
a cell wall which is made up of cellulose. When the cell wall 
is removed, the wall less cell is called as protoplast. This 
protoplast is perceived when plasmolysis occurs in a plant 
cell. Ever since the protoplasts were recognised, attempts 
had been made to isolate them from plant tissues and induce 
fusion in them, Klerker (1892) was successful in cutting the 
cell wall in leaf tissue plasmolysed in 0.4 M potassium nitrate 
and through controlled deplasmolysis he was able to release 
the protoplasts into the medium. Kuster (1910) was the first 
to achieve fusion between sub- protoplasts as well as the freely 
isolated plant protoplasts, Michel (1937) standardised the 
technique and used light microscopic markers to induce anto- 
plastic (between sub-protoplasts), homoplastic (protoplasts 
of the same species) and heteroplastic (protoplasts of differ- 
ent species or geneva) fusions. Hofmeister (1954) induced 
fusion in plant protoplasts by suspending them in isotonic 
solution such as sea water. However, none of these methods 
was efficient or reproducible. 

The discovery of the chance fusion of two mouse 
tumor cell lines grown together in the same culture plate 
by Bar ski et al, (i 960 ) opened up the prospect of anim'al cell 
fusion even in remote cell lines like mouse and man. Such 
hybrid cells were not mere curiosities since there were 
preferential loss of chromosomes of different parental lines 
in the hybrid cells. It came as a handy tool for genetic 
analysis and gene mapping in higher animals including man. 

Almost simultaneously in the 1960 * 2 . enzymatic 
methods for large scale production of protoplasts' in plants 
were discovered. 
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Take- be et al. (1968) developed the procedure of 
sequential engyme application by treating plant tissue with 
pectinase for maceration and celulase for cell wall degrada- 
tion respectively. On the other hand, power and cocking (I 968 
introduced mixed engyme approach in which plant cells were 
plasmolysed in the presence of mixtures of pectinase and 
cellulase. In such procedures, when isolated, protoplasts 
some times undergo spontaneous fusion. However, in mixed 
engyme method, fusion within the sympla m became more freque- 
nt due to the plasmodesmatal connections. The frequency of 
such undesirable spontaneous fusion was prevented either 
following sequential engyme procedure or plasmolysing the 
cells prior to mixed engyme treatment there by severing the 
plasmodesmatal connections. Though the spontaneous fusion 
bodies arising from such homokayotic fusion were of no 
significance the observation that cell wall is automatically 
formed around such fused protoplasts and the two nuclie 
normally fuse and divide in them, generated hope for fusing 
protoplasts of different species of plants, With the success 
of culturing protoplasts, raising callus from them and rege- 
nerating whole plants from such calli opened a new method 
of plant hybridisation through the fusion of somatic cells. 
Since the incompatibility barrier, such as the prevention of 
key steps in pollination, pollen tube development, fertilisa- 
tion and embrgo orzendo sperm development encountered in 
sexual hybridisation between remote species was found to be 
nonexistent in somatic hybridisation, success could be achi- 
eved soon not only in fusing cells derived from taxonomic ally 
distinct plants but but ever, bringing about inter-kingdom 
fusion between plant and animal cells. 

The success of somatic hybrid igation depended upon 
the efficient fusion between protoplasts grown in culture 
and soon fusion methods were standardsecj by employing diff- 
erent fusogenic agents. Power et al. (1970) using sodium 
nitrate brought about fhsion of protoplasts which was 
successfully employed in many protoplast systems, Keller 
and Melchers (1973) used mannitol solutions containing 
calcium ions buffered at high PH (10.5) and this method is 
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now found to be very efficient in widely diverse kinds of 
protoplast systems, Kao and Michayluk (197*0 assessed the 
ability of polyethylene glycol (PEG) which was though found 
to have moderate levels of fusion could be applied to a wide 
range of plant and animal organisms. PEG and Ca +2 /high Tptl 
could also be used together and even in a veyy ’'small scale 
fusion", higher efficiency was recorded for both the agents 
(Patnaik, 1987). In addition to these three agents, several 
chemical compounds have now been tested and as many as 20 
compounds are now identified which promote cell hybridisation 
with nearly same efficiency as PEG (Klebe and Mancuso, ^ 9 1). 

As alternate to chemically induced protoplast fusion 
Zimmermann and Scheurich (1981) introduced a technique of 
high frequency fusion of plant protoplasts by electric fields. 
This was described as a two step process. First, the membranes 
of neighbouring protoplasts are brought into contact with a 
nonuniform AC field in a process called dielectrophoresis, 
Protoplasts, thus in transient dipoles aggregate between the 
electrode- in the form of "Peci?l Chains 11 . The points of contact 
between the plasma membranes of the neighbouring protoplasts 
are broken down electrically with a short DC pulse. Membrane 
reorganisation following the DC pulse results in cell fusion. 

Though the exact mechanism of membrane fusion is 
still debatable, some suggestions have been advanced mostly 
on the basis of chemically induced fusion. Ahkong et al.(1975) 
held the view that exogenous chemical agents could induce 
perturbation of the membrane bilayer with increased fluidity 
the lipid region which would allow aggregation of inter- 
membraneous protein particles at places. When the membranes 
are closely opposed at regions where proteins are now absent, 
intermixing of the disturbed lipid molecules results in the 
coalescence of the adjacent bilayers. As regards the role of 
chemical furogens described, they are believed to play the 
role of establishing intimate contact between neighbouring 
membranes, alter surface negative charge of the membranes, 
trigger changes in membrane structure and permeability 
resulting fusion. 
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With the development of technique of engymatic 
isolation of protoplasts, their culture and regeneration of 
whole plants, a new tool could be available for genetic mani- 
pulation, While protoplasts as such could be amenable for thi 
entry of exogenous genetic materials, and even cell organelle* 
resulting in genetic transformation, fusion of protoplasts 
opened a new vista for bringing together widely diverse kinds 
of genomes otherwise not possible through sexual breeding, 

The aspect of somatic hybridigation may be many fold : (i) 
synthesis of amphidiploids between sexually incompatible 
species, (ii) producing heterozygous lines within the same 
species which ordinarily reproduce by vegetative means, 

(iii) transfer of pant of a nuclear genome to another through 
chromosome elimination, (iv) formation of cytoplasmic hybrids 
(cybrids) to transfer cytoplasmic male stenility to a differ- 
ent line or species or (v) organelle transfer which is more 
readily achieved through fusion rather than direct uptake, 

The major problem, after the fusion is induced 
between genetically different lines is the isolation or 
selective growth of the heterokaryons in the midst of paren- 
tal cell population and homokaryotic fusion products* This 
could be achieved by precisely picking up the heterokaryons 
by micromanipulators or isolation through more sophisticated 
florescence flow cytometer or cell sorter and to grow them 
in nurse culture. But the selective method of culture for 
heterokaryons is more widely used. This is achieved by stand- 
ardising culture media which is only conducive to the growth 
of the somatic hybrid cells but not to the parental cells 
lines. This type of selective method becomes possible when 
double-albino, auxotrophic and drug or antibiotic resistant 
mutants are available and wild types are formed by complement- 
ation through hybridization which are automatically selected, 
However, in the absence of such double mutants, half 
selective method is taken recourse to and in quite a number 
of cases, hybrid colonies are easily identified in a mixed 
culture. Basically for the identification of two parental 
cell lines in the fusion process chlorophyllose me sophy 11 
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protoplasts (fluorescing red under UV) are directly taken 
from the leaves of one parent and colourless protoplasts 
(florescing green under UV if treated with PDA or FITC) taken 
from cell suspension of other parent maintained for long time 
through cell passages. After the hybrid colonies are isolated 
they are grown separately and plantlet regeneration is induc- 
ed following the basic techinques of tissue culture. When full 
fledged plants from the fusion products are raised and they 
bear flowers and fruits, various tests such as morphological, 
cytological and biochemical are carried out to prove the 
authenticity of their hybridity. Quite often fused products 
may not yield hybrid plants due to break-down at various 
stages. 


Though a few years back somatic hybridizatio n 
experiments were limited only to certain model plant systems 
predominantly from Nicotiana, Petunia , Solatium, Datura , 

Daucus (Schieder. 1982) etc. gradually these are being 
extended to other plant genera such as Lycopersicon, Oxyza elc. 


- 0 - 
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Maristems 

As a general rule, one of the obvious differences 
between plants and animals is the pattern of growth -by whiclr 
they attain their adult forms. Animals grow until they 
r each physical maturit y, and during this time growth oc curs 
throu ghout the bod y. Plants, however, continue to grow until 
t hey die but, as soon as the embryonic stage is pass ed , 
gr o wth is restricted to certain regions called meiriste m s 
(Fig, 3.1). Here the cells remain embryonic and continue to 
divide, whereas in the rest of the plant they ruc*oh maturity 
and assume a permanent form. One type of meristem is always 
present at the ,tip of every root and stem. The activity of 
such apical meristems is responsible for the increase in 
length of the pi ant,, body and, in the case of shoot meriste ms^ 
for thg__ prbdu.c± i on of lateral branches, leaves and flowers . 

The growth Init iated by apical meristems is known as prim ary 
growth , an d all tissues formed from apical meristems ar e 
call ed primary tis sues. In .some plants, notably grasses, 
the i ncrease in length of the stem is" also due to the division 
°T ffle riste'rtiatio cells located at the base of each node an d 
lea f sheat h. The se mer late mat ic regions are called interca- 
lary_JB er is te rns (Pig. 3. lb) because they are inserted or 
intercalated between mature primary tissues both above and 
below them. They are really portions of the apical meristem 
which become ' separated, from the main body of the meristem 
and are left behind as the apex grows forward. Intercalary 
meristems may remain active long after the cells of the 
inter nodes above them have fully matured. Growth of th e 
^Tlg^ pduced by intercalary meristems is responsible for 
The rapid elon^atirm n f 

.the— stem which often occurs dust 
bef ore flawfin i. ng M — The tissues formed frpm intercalary 
tteri stems are similar to the adjacent tissues derived from 

^‘ e a P* Ca l mer 5 rtem and are therefore classified as primary 
tissues. 
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»/Soine plants, especially monocotyledons, complete 
their life cycle by primary 'growth* In other plants, inclu- 
ding most dicotyledons, the stem and root increase in 
thickness by means of a process called secondary growth 
which is initiated by lateral meristems or cambia (singular, 
cambium). These develop within the already existing primary 
tissues of the root and stem, and form secondary .tissues in 
planes parallel with the surface of these organs (Fig. 3.1a), 
There are two cambia that may develop in a plant showing 
secondary growtW, the v ascular cambium and the phelloge n (or 
cor k cambiu m). J The vascular cambium is responsible for mosb 
of the increase in thickness during secondary growth, \ ^ereo ; 
the phellogen produces a pro tective layer of periderm (or cor.;, 
This is formed in the outer region of the expanding root or 
stem when the primary surface layer (epidermis) is ruptured 
by the increase in thickness due to the activity of the 
vascular cambium. 

Maturation of meristematic cells 

Since all the cells of the adult plant body result 
from the activity of meristems, the question arises as to how 
meristematic cells are converted into mature cells. The ess- 
ential characteristic of a meristematic region is that it 
consists of actively dividing cells which have the dual prop- 
erty of maintaining the meristem as a distinct region and, at 
the same time, of adding new cells to the rest of the plant 
body. In every meristem there are certain cells which divide 
in such a way that at each division one of the daughter cells 
(the initial) remains in the meristem, whereas .the other 
daughter cell (the derivative) gradually passes out of the 
meristem and eventually becomes one or more cells within the 
main body of the plant. The stages by which a newly formed 
derivative reaches maturity can more easily be followed by 
reference to apical meristems rather than to lateral 
meristems. 
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The meri sterna tic cells at the apices of roots and 
stems (tut not those of lateral meri stems) have the charact- 
eristic appearance shown in Fig. 3.2. Although they appear 
approximately square in section, their basic shape is that 
of a I4~faced polyhedron, each face pentagonal. This is the 
'shape assumed when a number of similar clastic spheres are 
subjected to pressure equally from all directions, until 
there are no air spaces between them. The, cells have thin . 
walls, the cell cavity is filled with dense cytoplasm and a 
large nucleus (up to two-thirds the diameter of the cell),, 
and visible vacuoles are absent. During the process of 
becoming transformed into a mature cell, a derivative passe v 
through three distinct but overlapping phases. The ability 
to divide is not confined to the initial cells but extends 
also to their immediate derivatives, which usually divide 
several times before starting to mature. The first phase in 
the growth of a derivative is therefore cell division, but 
this soon passes into the second phase, namely cell enlarge- 
ment, Because the apical meristem constantly grows forward 
as a result of cell division, the newly formed derivatives 
come to occupy the region ^just behind the apex. It is in 
this subapical region that they begin to enlarge, and they 
continue to do so until by the time they reach maturity they 
are commonly many times larger than the meristematic cells 
from which they were derived (Fig, 3.2). 

As a cell enters the phase of enlargement, droplets 
of cell sap form in the cytoplasm and these, after further 
increase in size, fuse -fco form several small vacuoles. The 
nucleus meanwhile remain^" suspended in the centre of the cell 
by strands of cytoplasm, 1 ' The vacuoles continue to enlarge 
by uptake of water and finally' cb ale sCe to form a single 
central vacuole. As a consequence, the nucleus is moved to 
a P eri Pheral position in the thin layer of cytoplasm lining 
the cell, While the vacuoles are expanding the whole cell 
increases in size but, despite the increase in surface area, 
"the cell wall does not decrease -in thickness because new wall 
material is continually being added to the original wall* 

Thus cen enlargement is not merely the inflation of a cell 

Contd...P/4, 



' 90 


• Zi. * _ 

due to vacuolation, but it is an 'active process in which the 
amount of plant substance is increased as a result of intense 
biochemical activity by the cell* 

In the process of assuming their mature form, cells 
not only increase in size but also become structurally modi, 
fled to fulfil particular physiological functions in the 
adult plant. This jno dification for specialiged^J lLnc±iQns is 
called d ifferentiatio riXgig.. - and forms the third and 

last phase in the maturation £f_&jmYlLstematlc cell. Differ- 
entiation starts while cells are still enlarging but is never 
complete until after they have ceased to enlarge. It should 
be regarded as the process by which cells become different 
not only from their meristematic precursors but also from 
their immediate neighbours. The extent to which a cell 
becomes, differentiated depends on its final function. Some 
cells differ only slightly from meristematic cells (e.g. 
packing cells) ..while others become markedly different (e.g, 
elongate conducting cells). There are many ways in which 
plant cells can become specialized to serve particular funct- 
ions, but most of them involve modifications of the cell wall. 
These modifications include such features as the deposition 
of a thick secondary wall, and the development of various 
types of pits. 

Types of plant tissues 

It should now be clear that the different types of 
cells in the adult plant are the product of the three over- 
lapping processes of cell division, cell enlargement and 
cell differentiation. The resulting mature cells are not 
arranged at random but are associated in various ways to 
form recognizable groups called tissues. There are various 
ways of classifying tissues according to whether they are 
considered from a structural or functional point of view. 
Perhaps the simplest classification, and the one that will 
be followed here, is to divide tissues into two categories, 
simple arri complex, on the basis of whether they consist of 
only one or more than one type of cell. 
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sh tu ple tissue s_ i- ' , 

There are three simple tissues, parenchyma, collench- 
yma, and s clerenchyma, - These 'terms are also applied 'to 
individual cells showing the characters of these tissues. 

Thus a parenchyma cell is not necessarily a unit of the sim- 
ple tissue parenchyma, but it may also be a component of a 
complex tissue. 

Parenchyma 

This is the simplest type of mature tissue, being 
less modified from mer istematic cells than any other tissue, 
^^renchyma cells are living cells which are sufficiently 
unspecialized to be capable of reverting to the meristematic 
condition. It is often difficult to draw sharp lines between 
tissues because cell types sometimes merge into one another # 
Parenchyma, in particular, has very ill-defined limits and 
covers a range of cells which differ widely in structure and 
function. It is thus impossible to say that a parenchyma 
cell will inevitably have certain features apart from the 
very general one of being alive at functional maturity. How- 
ever, ’typical 1 parenchyma cells (Fig. 3.4-) can be expected to 
to be more or less isod lame trie in shape, with or without 
intercellular spaces between them, end to have thin, cellulose 
walls; pits, if present, are always of the simple type, f , 
Parenchyma, as its Greek derivation (literally 'poured beside') 
indicates, forms the basic packing tissue in which more spe- 
cialized tissues appear to, be embedded. Besides its packing 
function, parenchyma may also be < concerned' with photosynthesis 
and with the storage o,f staroh and other substances. In 
relation tq. these two' functions parenchyma cells vary consi- 
derably both in shape apd living contents. Thus the paren- 
chyma cells of the photo synthetic tissue of a leaf are rich 
iri chlor oplasts and .may be considerably elongated or lobed. 

While those found in food-storing structures such as a bean 
see d (Phase plus ) or a sweet potato (Ipomoea batatas) are 
Packed with starch grains. In addition to forming a simple 

■Li , * , 1 

3Ue ’ P ar encbyma cells are a regular component of the two 
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complex tissues, xylem and phloem, where they commonly serve 
for the storage of various substances, particularly starch. 

Collenchyma : l ’ 

This is a living tissue which has many of the charac- 
teristics of parenchyma, and may indeed be interpreted as a 
form of parenchyma structurally specialized as a supporting 
tissue in young organs* When collenchyma and parenchyma lie^ 
next to each other they frequently merge into one another 
through transitional types. The resemblance . to parenchyma 
is also indicated by the common occurrence of chloroplasts 
in collenchyma, and by the ability of this tissue to resume 
meristemat'ic activity. Collenchyma occurs immediately 
beneath or near the surface of young fffcgjE S Pgt j»Pl e s » a1 ^ 
along the main veins of foli age leave s; it is rarely found 
in roots. The cells of collenchyma (Fig. 3.5) are elongated 
in the direction of the long axis of the organ in which they 
occur, and are characterized by the presence of thick, non- 
lignified, primary walls. The wall thickening, however, is 
not uniformly deposited around the inside of the cell but is 
thickest in the corners of the cell (angular collenchyma), 
although the two tangential walls may also be thickened 
(lamellar collenchyma). In longitudinal section therefore 
collenchyma shows thin and thick portions depending on the 
plane of the cut (Fig. 3. 5b). 

The thick cellulose walls of collenchyma combine 
considerable tensile strength with plasticity. Hence collen- 
chyma is particularly sutiable for the support, of actively 
growing organs because its cells can extend to, keep 'p'ace with 
the elongation of the organ and yet retain their strength. 

Sclerenchyma : 

Whereas collenchyma is the main supporting tissue of 
actively growing organs, sclerenchyma performs a similar 
function in mature plant parts. Sclerenchyma cells have 
thick secondary walls, usually lignified, and their proto- 
plasts are dead, or at any rate inactive, at maturity. 
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gclerenchyma is a very variable tissue but two broad catego- 
ries of it tan be recognized, fibres and sclereids; in 
general fibres are very much longer than sclereids. 

Fibres Fibres are long narrow cells with tapering 
pointed ends (Fig, 3. 6). They are usually massed together 
in long strands, their tapering ends overlapping , one .another 
and fitting tightly together. While fibres are young and 
actively growing, the ir end walls tend to slide over one 
another to produce the pointed state of the mature fibre. 

The increase in length of a fibre by the intrusion of its 
growing'Tios between the walls of n eighbouring cells is c a- 
UeBTTntru sive growth . After a fibre has ceased to elongate, 
its walls continue to thicken until at maturity the cell 
cavity is very much reduced, and sometimes almost obliterated. 
Fibres occur in most parts of the plant-. body and, according 
to their position, they may be classified into two types: 
xy lary fibres which occur in the complex tissue xv!em r and 
e xtraxvlary fibres which occur in any tissue other than xylem. 
Xylary fibres have reduced bordered pi± s^ the inner apertures 
being slit-like and those of a pit-pair often crossed .with 
each other. Extraxylary fibres have very narrow, simple pits. 
Although the thick secondary walls of fibres are usually 
lignified, some fibres have unmodified cellulose walls (e.g. 
those of the_ flax Plant (Lin um usitatissimum) , from which' 
linen is made)_ # Xy lary fibre s are a major component of woo d, 
arx * of Taccount of their heavily ligrtified walls, are respo- 
nsible for the' hardness and rigidity of this mat erial. Ex- 
traxylary fibres, some lignified and others not, are common 
sources of rope, sacking and clothing textiles. 



These are very variable* in shape, ranging from 
approximately isodiametric' to very irregular, and they may 
evGn be branched (Fig. '3.6 f-h) , , They have very thick, 
Signified walls, often showing concentric layering, which are 
Pierced by numerous simple pits. ' *’«■ -- 

br % 

- * - i 7 "hr ■*?’ : ■ -ur:? c 





0 , or as cdnt'.j ~ in 


vv- V 



94 


Frequently the pits become branched as a result of the fusion 1 
of two or more pit cavities during the increase in thickness 
of the secondary wall, Sclereids may occur either singly or 
as small clusters among other cells in, for example, the 
gritty specks in the flesh of a guava (Psldium guajava), or 
as continuous masses as in the hard shell of a coconut (Cocos 
nucifera) * 


Complex tissues s- 


Although a complex tissue is composed of several 
different types of cells it merits being recognized as a 
single tissue because it has certain features peculiar to 
itself, occurs in definite positions in the plant body, and 
is associated with definite functions* There are two complex 
tissues, the xylem which is concerned primarily with the 
conduction of water and inorganic solutes, and the phloem 
which is concerned primarily with the conduction of food 
manufactured in the leaves. .These two complex tissues always 
occur side by side, and together constitute the vascular or 
conducting system which extends throughout the plant. 


Xylem 


The xylem is composed of p arenchyma and fibr es, which 
have already been described, and trar.hpj d- 18 smH yp p.qe l 
members, which are characteristic of this tissue. These four 


elements occur in different proportions and combinations, 
and all "four are not necessarily present in the xylem of 
any given plant. 


Tr ache ids 

Tr ache ids are more or less elongated cells, which 
are angular in cross-section and have oblique or tapering 
end walls (Fig, 3.7). Tr ache i d s _are dead gt functiona l 
maturity jjhen they .consist only .of li^gnif ied „ae H awai i s . 

All tr ac he id 5 have secondary warns hn+_ these a re deposited 
in various patterns which are related to the state of matu- 
rity of the region in which the tracheid is being formed 
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(Fig. 3.8)* ^iTthe tracheids formed nearest to the apical 
meristem the secondary walls are deposited as a series of 
horizontal rings (annular thickening ) and in those further 
baclTas one or more spirals (he lical thicke ning). These are 
succeeded by tracheids in which the secondary wall forms a 
net-like pattern (reticylate thickening) over the primary 
wall, and finally by tracheids in which the secondary wall 
is continuous except for elongate or circular pits (pitted 
walls). These different patterns of secondary wall, thicken- 
ing form a series in which progressively more of the primary 
wall is covered, but the different types often merge and not 
all types are necessarily represented in any given plant. 

All four types of thickening give support to the tracheids 
in which they occur, so that the central cavity or lumen is 
kept open despite pressure from neighbouring cells. It is 
interesting to note, however, that tracheids with annular 
anfjielical thickenings are fo rmed whi le the surrounding 
tissues are_ still elongating and they continue to be stret- 
ched even after they are structurally mature. The occurrence 
of stretching is shown by the Tact that, when several helical 
tracheids are present end to end in a longitudinal series 
within the region of elongation, the spirals of the older 
tracheids are more drawn out than those of the younger ones. 
Tracheids with more extensive, and therefore more rigid, wall 
thickening are not readily stretched, and such tracheids 
differentiate in plant organs which have stopped elongating. 

Wate r moving through _trachelds passes from one cell ’ 
into ne jrt jj? rough_the areas . whether extensive or 

restricted to pits, where the prim ary wall only i s present, 
Tra cheids perf.or.ni the rtnnh ie function of a support! ng__and 
wa ter-conducting elemen t,, and in such vascular plants as 
ferns and conifers, which are more primitive than angiosperms* 
they are the only cell type present in the xylem apart from 
paren chyma . During the course of evolution the tracheid 
diverged along two routes, one in the direction of greater 
raechanical efficiency which resulted in the xylary fibre 
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(already described), arti the other in the direction of 
greater water-conducting efficiency which - re suited in the 
vessel member, Tracheids, however, were not eliminated when 
fibres and vessel members were evolved. 


Vessel members These are cylindrical cells, non- 
living-JwhaiL iLature , ^ which are joined end to end to form 
multicellular water-conducting tubes, called vessels. The end 
walls (and sometimes also the side walls) of vessel members 
become perforated by one or more holes through which water 
can pass freely from 'Cell to cell-(Ifig.3.7d-f) Hence, inste* 
of a tier of superimposed cells, there is formed a tube 
rather like a drainpipe in structure, which is the vessel. 
Vessel members are cojpn^i^ and much wi der 4han 

trac hel dsj^but they develop lignij^gd_sa^^ in a 

similar way and show the same patte rn^ o f .jwall thickening 
(Annular,, helical, etc.) as tracheids. 


Vessel members begin life as separate cells with a 
continuous primary wall, but at a certain stage in development* 
the middle lamella swells in the areas which are to become 
perforated (Fig. 3.9)* Subsequently a secondary wall develops, 
but this Is not deposited on the areas (e.g, primordial pits) 
which persist as thin primary wall or on the areas of future 
perforation. j[ i As the vessel members mature, the primary walls 
and middle lamella in the perforation areas break down, so 
leaving open holes , L The perforated areas (called perforation 
plates) may be simple, with one large perforation, or 
multi perforate, with more than one perforation (Fig, 3 , 7 d-f,h # i). 
In a mature vessel with simple perforation plates the previous 
position of each cross-wall is often indicated by the presence 
of a distinct rim of thickening around the lumen of the vessel. 
Vessels are not of indefinite length, although they frequently - 
extend for several metres. Where a vessel ends, the terminal 
vessel be tuber is perforated at its proximal end but not at its 
distal end. Therefore the passage of water from vessel to 
vessel takes place through the areas of primary wall (such as - 
Pits) in a manner similar to conduction i^S^iTs. 
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In transverse section vessels can usually be recognized 
by their large, almost circular outlines, Whereas- the widest 
tracheids scarcely exceed 100 um in diameter and most are 
much narrower, vessels are commonly 300 um across and some, 
especially those of climbers, reach a width of 700 um. The 
wide diameter of vessels, coupled with the perforations in 
their end walls, enables water to be conducted more efficiently 
in these elements than in tracheids, ' 

PHLOEM 

The characteristic components of the phloem are sieVe » 
tube members and companion cells* but parenchyma and, in some 
cases, fibres also occur. 

Sieve-tube members These are" elongated cells joined end to 
end into sieve tubes (Fig. 3* 10) in a manner analogous to the 
joining of vessel members to form vessels in the xylem. Unlike 
vessel members, however, the cell walls of sieve-tube members 

i * ■ 1 *— — - — — 1 — " - 

are not lignified and are classed as primary wal ls, even 
though they are__U5 nallv thicke ned. Also unlike vessel members, 
the cross-walls of sieve-tube members, although much modified, 
do not break down completely. Instead, the cross-walls 
become perforated by open pores through which the protoplasts 
of two superimposed members are continuous. These connecting 
strands of cytoplasm are comparable with plasmodesmata but ven T 
much wider. The pe rforated cross-walls are called si eve 
platas-because in surface view they resemble sieves (Fig. 3.11). 
It is from the presence of sieve plates that .this characteristic 
cell type derives its name. Usually the sieve plate covers 
the entire cross-wall, but sometimes it is broken up into 
several perforated sieve areas, thus forming a bortpouixT sieve 
Plate, 


In the sieve plate each c ytoplasmic strand is enclosed 
a r m neia] kind of carbohydrate called callos e, 

Ita thickness of this callose cylinder obviously affects the 
S * z= of sieve pore, when the plant is dormant thick 
callose pads completely block the pores, but at the onset of , 
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the growing season much of the callose" is- removed "and new 
connecting strands of cytoplasm appear'. } If the plant is 
injured callose is also deposited, often within a few second 
of the injury , r thus blocking the pores and ‘ Minimizing loss 
of fopd Bigterial.^' One consequence of this instantaneous 
reaction is that 'ih’most microscopic sections the pores are 
completely blocked. This is the result. of the treatment of 
the tissue, for 'Skamination, and does not represent the sitush 
in an actively growing plant. 

Sieve-tube members are living' cells and only functi on 
a s. long as they are alive . A remarkable characteristic of' 
sieve-tube members is that during development t he nucleu s 
th at was originally present breaks down and co mpl etely 
disappears at .matpp-ity They are the o nly known example o f 
plant cells which are living but lack a nuc leus. Investigator 
with the EM has indicated, that sieve-tube members are also 
remarkable in possessiia g very few mitochondria jind a lmost no 
other cytopla^gae-siig anelles^ - Furthermore, the normal distinctl 
betweerf"vacuole and cytoplasm seems to' be lacking, the main 
volume of the cell being occupied by a fibrillar protein, 
called P-Protein, whose exact structure and function is 
currently the subject of active debate among plant physiologists 
The proteinaceous material readily takes up staining reagents, 
and in stained longitudinal sections usually appears attached 
to the sieve plates as so-called slime plugs. The presence 
of slime plugs provides one of the most useful criteria for 

identifying the position of phleon in longitudinal sections 

(Fig.3.10a). 

Companion cells Each sieve-tube member is closely 
associated with one or more slender parenchyma cells, called 
companion cells, which have dense cytoplasm and conspicuous 
nuclei. Companion cells arise by an unequal longitudinal 
i ision of the same mother cell as the sieve-tube member 
ig. 3.12), After being cut off from the sieve-tube member 
companion cell does not necessarily remain as a single 
cell but may divide horizontally into a vertical file of 
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(conducting water) and the phloem (conducting food), Becai 
of the presence of fibres in. theta, the vascular tissues, 
particularly the xylem, are also concerned with .support. ft 
ground system include s the tissues that can be regarded as 
forming the .ground 'substance in which the vascular tissues 
are embedded. The main ground tissues are the three simple 

tissues, parenchyma, collenchyma and selerenchyma, (l , 

‘ *> 

Within the plant body the three tissue systems are 
distributed in characteristic patterns depending on the orga 
in which they occur, on the taxonomic group to which the 
plant belongs,, or on both (Pig. 3. 13). Since the dermal sy-ste 
is always superficial, the principal differences in pattern 
depend on the relative distribution’ of the vascular and 
ground systems. In a dicotyledonous root, for example, the 
vascular tissue'^ sd ally forms a central rod embedded in- the 
ground tissue (cortex). In a dicotyledonous stem, however, 
the vascular tissue typically forms a hollow,' perforated 
cylinder with some gr ound tissue fnith) e n closed within the 
vascu l-ar cyl in der and some located between the vascula r 
cylinder and'the dermal tissue. The latter region of ground 
tissue is ‘Called cortex because, like the ground tissue in 
the root, it occurs outside the vascular tissue. This method 
of t interpreting the anatomical pattern of an organ is not 
only descriptively Useful, but also reflects the basic unity 
underlying the organization of the plant as a whole, 

' Whatever the arrangement of tissues in a mature organ 
may be, the pattern is established immediately behind the 
apical meristem from which it is derived. In this subapical 
region, where the cells are', still actively dividing. It is •; 
thus possible to recognize three types of meristematic tissue, 
The protoderm, ground meristem and procambitum. These are 
sometimes called the three primary meristems because they are 
the precursors of the dermal , ground and vascular tissue system 
respectively. Although leaves originate on the flanks of the 
shoot apex, these three types of meristematic tissue are also 
present in a developing leaf. 
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PLANT - TISSUES 
PRACTICAL 


Dr. G.U. Gopal 
Lecturer in Botany 
RCS, Bhubane swar 

APPENDIX - I ~ 

The following brief notes on certain phases of 
microtechnique are given here to facilitate the uae of this book 
by the teacher and student. For full information on the various 
procedures used in preparing tissue for microscopic study, 
reference should be made to the publications of Chamberlain 
(1932), Rawlins (1933), Johansen (1940), and Sass (1940), 1 

i Con' ran Re..': fences, r 

FREE-HAND SECTIONS 

In many of the exercises in this book, directions are 
given for the study of sections cut by hand from living stems, 
leaves or other plant structures* To prepare such material 
requires only simple technique and in addition provides a 
realistic picture of cells and tissues that should precede the 
examination of microtomed and permanently stained preparations. 
In the laboratory the student can acquire the necessary skill 
with a sectioning-razor to enable him to explore the structure 
of such tissues as the epidermis, parenchyma, collenchyma, and 
the phloem and xylem of vascular bundles. Best results are 
secured by enclosing small portions of the material between the 
split halves of pieces, of elderberry pith or of carrot root. 

Often it is necessary to make a groove in the inner surface of 
one of the pith halves or strips of carrot to accommodate such 
bulky objects as stems, petioles, etc. In sectioning, hold the 
object enclosed between the pieces of pith at as constant an 
angle as possible and transfer each section to water; the slices 
of pith can be removed by the use of a brush. Sections cut by 
band should be carefully mounted on a clean slide either in 
distilled water or in the various reagents designated and the 
cover-glass lowered gently into place. For more resistant cells, 
such as sciereids or fibers and for the critical study of the 
sieve-plates in phloem elements, the use of the carbon dioxide 
feezing microtome is highly desirable, With the aid of this 
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instrument a large number of thin sections may be prepared ty 
the instructor in advance of class use (for a description of 
the technique of sectioning with the freezing microtome, ef. 

Sass, 1940, pp. 97-98). The student must learn to check free, 
hand preparations at frequent intervals so that the sections 
are not allowed to dry out. Cells immersed in fluid are not 
only easier to study from an optical point of view, but they 
also retain a more or less normal structure over a relatively 
long period of observation. Sections of hairy objects, such as 
many leaves or stems, are often difficult to mount in water 
without the formation of numerous air-bubbles. This difficulty 
may be removed by mounting each section in a weak solution of 
alcohol. This acts as a killing reagent for the protoplasm, but 
it does make possible the accurate study of the shape, arrange- 
ment, and character of the walls of cells. 

PREPARED SLIDES 

The use of permanent slides is essential in the study 
of many of the topics outlined in this book. This is particular! 
true for the work to be done under Exercises III, X, XII, XIII, 
XIV, and XV, Suitable preparations as a basis for class study 
are obtainable from commercial supply houses or may be prepared 
for the student directly. With reference to the latter possibi- 
lity, detailed suggestions for the collection, fixation, 
sectioning, and staining of tissues and organs are presented 
systematically in the recent manuals on microtechnique by 
Johansen (1940) and Sass (lg40), 

MACERATED TISSUE 

One of the most important skills that the student 
must develop in laboratory practice is the ability to visualize' 
cells as three-dimensional bodies. This is often extremely 
difficult on the basis of the examination of sections that tend 
to create a two-dimensional concept. Furthermore, many definite 
features of cells, particularly the structure and arrangement 
of pits and the varied secondary wall thickenings in tracheary 
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elements the character of per fe rations in vessel elements and 
the form of ramified selereids, can best be studied in isolated 
cells. For these reasons, a study of macerated tissue is 
recommended for many topics in this book and is especially 
desirable in connection with Exercises II, VIII, IX, and X. 

The maceration of plant tissue is most effectively accomplished 
by the use of certain reagents that dissolve the intercellular 
substance and thus cause the separation of a piece of tissue 
into its component cells* Jeffrey’s method is usually satisfac- 
tory, especially for hard lignified structures. Small pieces of 
the material, no thicker than a match, are placed in a glass 
vial containing a mixture of equal parts of 1096 chromic acid 
and 10% nitric acid. The vial is then corked and placed in an 
electric oven at a temperature of 30°-40° C. until the material 
becomes soft or "mushy** in texture. Hard material, such as wood 
and the shells of nuts, may require several days in the oven, 
during which time it is advisable to change the macerating fluid 
once or twice. Boiling small slivers of wood before placing them 
in the acids' drives out the air and accelerate s the maceration 
process. It is advisable to stop the action of the macerating 
fluid before a complete separation of all cells has occurred* 

Small pieces of "mushy" tissue, placed in water on a slide, can 
be teased apart with needles; such a procedure yields very 
instructive preparations of connected cell groups as well as 
isolated elements. The macerated tissue is carefully washed in 
distilled water to remove as much of the acid as possible and 
can them be transferred to 5096 alcohol for future study. Often 
effective results may be secured by staining the isolated cells 
in safranin, Permanent preparations of macerated tissue are 
sasily made by placing small quantities of cells in water on a 
slide, evaporating the excess water on an electric hot-plate 
and mounting in glycerine jelly. Circular cover-classes should 
used, the edges of which can be sealed with some type of 
cement which prevents drying out and the entrance of air. 

For some tissues, for example, the cortical and pith 
Parenchyma of herbaceous stems and the mesophyll of Jeaives, 
the following more gentle maceration technique should be employed. 
P ^ CG gm aii portions of the tissues in acid-alcohol (3 parts of 
Methyl alcohol; 1 part concentrated HCI) and thoroughly 
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remove the air by means of an aspirator. Add fresh acid-alcoli 
and allow this to act on the tissue for 24 hours. After thoroi 
washing in water, transfer the tissue to a 0,5^ aqueous soluti 
of ammonium oxalate. Within a few days (or sooner depending u; 
the material) the parenchyma or collenchyma tissues can readii 
be dissociated, by gentle teasing with needles, into their 
component cells. This method is highly recommended for iaolati 
the idioblastic ramified sclereids of such' plants as Camellia, 
Osmanthus, etc., from neighbouring tissue elements. 


Stain Pre p aration 

I. 1 Safranin s Dissolve 1 gm of dye in 50 per cent 

alcohol . 

2, Past green : Dissolve 1 gm of dye in 90 per cent 

alcohol. 


Mounting 


All the stained thin sections are transferred to drop 
of Canada Balsam (mounting media) taken on the slide. Covered 
with cover slip a permanent stained slide lasts longer, 

IX Maceration j 

Sections of the plant parts do not depict the actual 
nature of the constituent cells. The cells can be studied by 
dissociation method called maceration. The materials are treated 
with chemicals which dissolve the middle lamella of the cell 
wall. This also dissociates the cells from one another. The 
tissues like xylem and phloem depict the actual nature of the 
constituept cells. 

Method 

Cut the material into small pieces and treat it for 
24 hours with acid alcohol solution (HCI, alcohol). Wash the 
materials and transfer to 0.5% ammonium oxalate solution and 
Mount the tissue on the slide in drop of above solution and stui ' 1 ' 
Macerating Fluid 

1 • Ammonium Oxalate Fluid 

Hydrochloric acid 30 cc 

Alcohol 95 per cent 100 cc 

Ammonium oxalate 0.5 per cent 

Contd...^ 
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2 a Schule's Fluid 

Potassium chlorate 1 gm 

Nitric acid 50 cc 

The materials are heated in the mixture for sometiiiiB^ 
washed and mounted in glycerine, 

CLEARING TECHNIQUE 

It is extremely laborious and in many cases unnecess- 
ary to attempt to reconstruct the gross anatomy of the vascular 
system of a flower or the venation of a leaf by means of serial 
sections. The following procedure yields very instructive 
preparations and is applicable to herbarium specimens as well 
as to fresh material, 

1. Leaves , Small leaves can be cleared in to to. Large 

laminae, however, should be subdivided into strips (about % inch 
in width) extending from the mid- rib to the margin* The leaf 
material of herbarium specimens should first be soaked in hot 
water until it sinks; with fresh leaves, the chlorophyll should 
be extracted by means of hot alcohol. Following these preli- 
minary treatments, the material is then transferred to vials 
containing a 5-10% aqueous solution of NaOH. With delicate 
objects, the removal of the cell contents may be achieved 
without heat. But for thick, coriaceous leaves, the vials 
should be placed in an electric oven. Frequent changes of the 
reagent are desirable until the leaf material appears devoid 
of discoloration After washing thoroughly in distilled water, 
the material should be examined (without a cover-glass) under 
low magnification; in many cases the stomata, vein lets, and 
other histological features (e.g,, idioblastic sclereids) can 
now readily be studied. Cleared material at this stage can be 
stored for future examination in 50% alcohol. Very often, 
however, even after several days treatment with NaOH, the 
material may still be opaque. In such instances, dehydration 
in successive grades of alcohol followed by clearing with 
x Ylene or toluene are necessary. Syracuse watchglasses are 
convenient receptacles and the following series is recommended s 
alcohol, 95% alcohol, 1005^ alcohol (2' changes), 100% 
alcohol-xylene, pure xylene. Use a camel-hair? s brush or 
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forceps in transferring the material through this series, 
draining off the excess fluid on filter paper at each change, 
Because of the large volume of tissue represented, dehydratio 
must be very thorough or a milky turbidity will form when the 
final transfer to xylene occurs. To avoid this, allow the 
material to remain in each of' - the grades of alcohol for at le 
10-15 minutes. After several pieces of leaves have passed 
through the entifeser,les* the reagents should be discarded ant 
fresh alcohol and xylene added to the watch-glasses. To make 
permanent mounts, transfer a piece of material to a clean slit 
flooded with xylene, add a generous amount of balsam and care- 
fully lower a cover-slip into place. The slides should then to 
placed on an electric-slide warmer for a week or longer until 
thoroughly dry. Various types of stains (§.g. safranin, 
Delafield's hematoxylin) often increase the usefulness of 
cleared leaf-material. These stains mgry be introduced at 
various points in the alcohol-xylene series. 

2, Flowers* The procedure outlined above is also appli* 

cable to the study of the vasculation of the floral axis and 
its appendages. In making permanent mounts of cleared flowers 
it is often desirable to use "depression slides"? these permit 
the inclusion under the cover-slip of relatively thick objects. 


SPECIAL REAGENTS 

1* Phloroglucinol and hydrochloric acid. The addition 

of these reagents produces a red color in the walls of sclereifc 
lignified fibres, and tracheary elements (of Exercises VIII/ $ 
and X). The stain it not permanent but nevertheless is ex- 
tremely useful in demarcating the thick walls of certain types 
of cells, a saturated solution of phloroglucinol should be 
prepared in 18% HCL. Mount the section or tissue fragment 
directly in a drop of this reagent on the slide and add a 
cover-slip. Great care should be taken to carry out this P^ e 
dure some distance away from the microscope. 

Potassium Iodide (IKl) and sulphuric acid. This i s 3 
specific test for cellulose. Mount the sections in the 
potassium iodide (lg. iodine and 3g potassium iodide in 300cc* 
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of distilled water, according to Rawlins, 1933) and add a 
cover-slip. introduction of a drop of 65 % sulphuric acid 
will cause cellulose walls to turn blue in color. 

3 . Anllin blue , This is a spe cific stain for callus 
repo sitions on sieve plates and is essential for th -- 1 procedure 
outlined in Exercise XI. Sections should be immersed for a 
short time in a 1 $ aqueous solution, and then transferred, 
alt^r gentle washing, to a drop of water, T he callus on the 
sie ve plates is stained blue . Dr. A.S. Crafts has suggested 

to the writer the following improvement; Place the sections 
in IKI, wash in water, stain in anilin blue for about five 
minutes, then wash briefly again with IKI and mount for 
study in tap water or glycerine. 

4. Neutral red . This vital stain is very useful as a 
General stain for the primary walls of living cells, and is 

commended for use in Exercises V, VI, and VII. Mount the 
sections directly in a 1 % aqueous solution, 

5 . Sudan IV . Th is reagent is specific for the cutic le 
and for cutinized and suberic op 11 walla , place the sections 
in a drop of alcoholic solution of Sudan IV (5g. in lOOcc. of 
8C$i alcohol) , add a covir-glass, and examine under the micro- 
scope , The cuticle, as well as waxy materials present In 
walls, are stained red, This reagent is very desirable for 

use with Exercise V. 




The Tissue System 

Dr.U.K.Nanda 
Reader in Zoology 



The cells in the body of the multicellular animals 
vary in structure and function- It is seen that one variety 
of cell performs one kind of w'ork and constitutes one type 
of tissue. 

Definition 

So a tissue may be defined as an aggregate of same 
types of cells i*e. similar in morphology, physiology and 
embryonic origin, combined by subserving the same general 
function independently and united by varying amounts of 
intercellular substance (e*g. , blood, bones, cartilage, muscle, 
nervous tissues etc.). 

O rigin ,, miototic 

The first few cells undergo repeated/iHiatfcK division. 

The first evidence of differentiation is discernible in this 
cellular mass, where distinct layers, known as the ectoderm, 
the mesoderm and the endoderm. Cells of each of these layers 
reorganise themselves to form tissue system- 

There are four primary types of tissues in the body; 

i) Epithelial - which covers surfaces, lines cavities 
and forms tubes. 

ii) Connective - which forms supporting and binding 
structures- 

iii) Muscular - which comprises the contractile 
elements. 

iv) Nervous - which makes up the regulating and 
conducting structures* 

The Principal differences among the various types of 
tissues arise from the types of cells of which they are composed, 
the nature and amount of intercellular material present, and 
the functions they perform* 

1 ) Epitheli a l Tissue 

Forms the covering of the outer surfaces of the body and 
of most internal organs, lines the digestive and respiratory 
tracts, the serous cavitiesm, blood vess els, excretory ducts and 
reproductive ducts and organs. It comprises the secreting 
portions and ducts of glands and the sensory portions of sense 
organs. 

£fcructural char acteristics of epithelial tissue 

1 ) Epithelial cells are arranged in a continuous sheet, 
usually of one layer* 

2) They are packed together closely with little inter- 
cellular subfctance* 



112 


■ 2 - 


3 ) Blood vessels are absent, but nerve endings an 
usually abundant. 

4) Epithelial cells lie on a basement membrane, at 
layer of intercellular substance, permeated with reticular 
fibers- 

5) The cementing substance, here, is a mico-proteit 

containing hyaluronic acid and calcium, salts* 


Types of Epithelium. 

Diff erentiated on the basis of 
(a), Shape .of the_cglls 


F 


T 


Transitional 


Squ amo u s Cubo i da 1 lumn a r 

and (b) T heir arrangement in. ..th e e . p . iJhe.L 1 , 3 . 1 sh%t 

4 1 

Simple 


Strati 


According to the origin and association with other 
tissue it may be classified ass 


Epithelium 

Form membranes 
associated with 
a thin connective 
tissue layer 


Me’sothelium 

Epithelium when 
derived from mesoderm 
e.g. peritoneum 


a) Based on the shape 


Squamous 

Consists of 
cells which 
are thin and 
flat, with 
regular or 
irregular 
outlines 


5 


Cuboidal 

Consists of 
cube-shaped 

cells or cells sometimes 
in the form of forming tall. 


Columnar 

Cells are long, 
cylindrical 


truncated 

pyramids 


irregular 
prisms- 


1 

i 

Endotheb 

Lines ttoi 
surf ace d 
blood vtfi 
and heart! 


Tsafisitii 


tified 
in that i tj 
sists Of A 
layers of 
but its a 
f icial sorfj 
cells aie j 
and row*!! 
s tread oi 

squamous “ 

conditio" J 
organ, as ,l 
urinary w| 


Function 

1 ) Protection 

2) Absorption 

3) Secretion 

4) Excretior}, 
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a) Squamous s 

i) Simple (cells in a single layer) lining the body 
cavities and in Bowman’s capsule of the kidney^ 

Mesothelium; that lining the serous^ cavities 
(pleural, peritoneal, pericardial) 

Endotheliums that lining the blood and lymph 
vessels. 

ii) Stratifieds Squamous epithelium (cells in several 
layers) is found in epidermis , cornea, oesophagus*, 
and vaigina* J 

b) Cuboidals 

i) Simple cuboidals Certain glands and parts of the 

kidney tubules ( thyroid) , the ducts 
of glands, and the smaller bronchi. 

ii) Stratified Cuboidals Epidermisof certain tailed 
amphibians* 


c) Columnar 

Epithelium s Consists of cells which are long and cylindrical, 
sometimes forming tall, irregular prisms- 

Six Subtypes ; 

, * - x/ 

t/i) Simple : in the lining of the intestine. 

/ii) Simple, ciliated; in the oviducts, uterus and nasal 
sinuses* 

iii) Stratifieds in the pharynx, on the epiglottis 

iv) Stratif/ed ciliated; in the larynx on the soft palate. 

v) Pseudostratif ieds varying in height with nuclei at 
different levels, all cells touching 
basement membrane, in the par&tid gland 
a nd male urethra 

vi) Pseudostratif ied ciliated; in the trachea and 
Eustachian tube. 

d) Transitional Epithelium 

Consists of several layers of cells (like stratified 
epithelium) but its superficial surface tells are large r 
an d rounded intead nf hP_ing squamous in sh ape* 

The number of layers varies with the condition of the 
organ as in urinary bladde r. 

Free surf acg nf E pithelial. .cells 

The free surface of epitheli^ cells may be modified in 
various ways. In some cases, the superficial protoplasm is 
involved; in others, a membrane-Jiike secretion, or cuticle is ' . 
formed. * 

iWojjif icatinn nf superficial protoplasm 

The borders of the epithelial structures may be either 
striated, ciliated or of the brush type. 
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Th6 striated border is found in cells of column 
intestinal epithelium, usually in area where absorptive 
processes take place* It consists of fine striations lyi^ 
perpendicular to the surface of the e&lls- The ciliated 
border Is 'representative of respiratory epithelium cilia* 
thin, very numerous, hair-like projections of varied length 
At the proximal end of each cilium is a small basal corpus 
Ciliary movement results from the quick bending of the cih 
in one direction and a subsequent straightening or recover} 
stroke* The action of each ciliurn follows that of the afr 
joining one in a wave-like action which is repeated* Into 
manner mucus or particles in contact with the cilia aremi 
slowly along the ciliated surface- The brush border is foiq 
in cells comprising of certain protions of kidney tubules, 
consists of fine, haix-like processes which are nonmotile* 
gives the appearance of a dense brush* 

Other specialised borders includes Stereocilia * 
nonmotile projections in ceils of the epididymis which are 
thought to aid in eliminating the secretion o f the ce lls. i 
nonmotile ha irs in Wirt hair c ells of the utricle, saccule, ? 
cochlea se rvincLas receptors for vibra tory stii 

Mature spermatozoa possess a fj.agellum, a singl e^ haiirJ Lita 
processes which serves for locomotion 

r — — ~~ nr“" — 1 

Structure of Cuticles 

A cuticle is a layer of mo re ^ox less solid subs ides 
which is secreted by and covers the free s urface 
th elia It is usually sharply delimited from the ce. 
surface and capable of being separated from it* 

J^^cnamel of teeth 

^£apsule of the lens of the eye 

Mindi ng together of Epithelial cells 

The cells of an epithelial sheet are so closely to® 
to one another that it usually requires considerable 
force to separate them* The factors operating to bind th® 
together are: - , - , 

1* Interstitial substance acting as an intercell^l 
cempnt . ' ' 

'Desmoeomes Condensations of cytoplasm 
contact between epithelial cells* 

3. Terminal bars*, rod- like thickenings of the 
membranes which cement together edjeic-eht ceJ. 
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Glands 

Because' they arise from ,an epithelial surface, glands 
are included in this discussion of the structure of epithelial 
tissues, “ sweat ,glad Sj sebaceous glands, ceruminous glands, 
mammary glands* ^ # 

Functionally a gland is a c ell or group of cells that 
elaborates or manufactures a specific substance which is 
extruded* from" the cell rinto a surface or into the blood or 
lymph* The product thus formed' does notToecome a part of the 
body tissues but is eijther absorbed and used by them or ^ 
discharged from the body* , , 

Structurally - a jpad g land is a cell or an aggregati on 
of secreting cel ls. Multicellular glands arise and develop by 
q process of invagination, the epithelium grows into the 
adjacent connective tissue and a simple tube-like or ,sac-like 
structure is formed. The cells in 1 the closed portion of the sac 
assume a secretory function while those near the surface 
narrow to form an excretory duct. The more complex multicellular 
glands arise by repeated invaginations, the result is a compli- 
cated, branched organ. 

ration 

Secretion is the process whereby XpijsM a cell obtains 
materials from the blood and lymph and transforms them into 
products which are passed from, the cell. 

Polarization ; 

Gland cells (and, for that matter most epithelial cells) 
ar e said to be polariz ed; that is to say their proximal or 
basal end (that nearest to the basement membrane) is different 
in. tho riistgi nr frpp end. The nucleus lies at the 

proximal end, whereas, in the active phase of secretion, the 
secretary products! granules, mucigen or other substances) fill 
the distal end, from which they are discharged* 

Cla ssification of Glands 

' ‘i » ' , 

Glands may be classified on the basis of 

i) the presence or absence of excretory ducts. 

ii) the nature of secretion. 

iii) whether the secretion is a product of the cell or 
a part of the cell itself. 

iv) their structure. j 
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1) Presence of excretor^^u cts s Based on the presence 0r 
absence of ducts the glands can be 

i) Exocrine or external secreting glands; With ducts and 
empty their products ontt a free surface(eg. salivary^] 

ii) Endocrine or internal secreting glands are ductlessi; fl 
secretions are absorbed into blood or lymph (e-g. thyroi 5 
gland)- Some glands , for example the pancrea s, o vary 
are do uble-f unclio niiiSf , serving as combined exocrine and en 
crine glands- 


2) Nature of secretion; Depending upon the nature of secret 
glands s can be 


^iucous glands; Secrete mucous , a viscid substance which 
principally contains mucin(e.g. globlett 
of intestine, trache^aj*. glands;. 

Serous glands; secrete a issue clear, watery abuminous fl; 
x (parotid gland)- S***^*sjp^ 

Mixed glands s Contain both mucous and serous secretoryi 
(submaKillary gland) 


3) Secretion of a product or a part of the cell ; 

w^Merocrine ; The secretory product is the only pan 

ExisEtBl&d extruded (salivary gland) 


Apocrine 


Eccrine 


Ho lo crine 


the apical end of the cell containing 
accumulated products is broken off an, 
extruded $ the remaining protion of tt,, 
cell is left intact, the cell reforms 
and the process is rep ea ted (mammary S ! 

Similar to apocrine by cytoplam is 
broken down before discharge* 

The entire cell, along with its contais 
secretory product, is extruded, the ce 
is replaced by a new cell (sebaceous, 
oil gland) 


4* Classification of glands by structure; 


i) Unicellular: Found on free surfaces, the^ secrete ^ 
e-g. goblet cells of intestine* 

ii)' Multicellular 

tt — 

Tubular Albelar ( acinous) Tubulo alveolar 


have their secreting portion m the f oiw 1 
blind, narrow tube. 


Simple 

a) Simple straight 

c- , 9 ’ l! ? la ?Se intestine) 
b; Simple coiled(Sweat glands) 
c) Simple branched(gastric glands) 


Compo unc ^ 

With a large 
tubes branching . J1 

(in kidney, 
mammarv glands 
laying inaianWJ| 



Alveolar glands 

Have a flask-shaped secreting portion called an 
alveolus or acinus. They are 

Simple (mucous and poison glands of frogs and toads) 
3 >1 )Simple branched (sebaceous glands) 
iii) Compound (Mammary glands) 

gland 

The compound tubulo alveolar has a secretory portion 
that consists of irregularly branched tubules and saccular 
outgrowths (e*g* majority of endocrinegiands(&a4iv*?rary, 
pancreas )• 




connective tissue 


Dr.U.K.Nanda 
Reader in /.oology 
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Defini tion s 1 ' j_ n , 

/i/iost widely distributed occurs almost/^ every part of 
.the body, constitute some part of almost every organ- 


x 


Function 

Forms the supporting and connecting structures of 
the body* 


3* Origin 

with one or two exceptions, connective tissues arise 
from the mesoderm , more specifically they arise from the 
m esenchyme of this layer * 

4* Difference with epithelial tissue 

i) The cells are not aggregated. 

ii) A considerable amount of intercellular substance 
/ present,, which is ■ always product of the cells of 
the tissue. 

iii) This substance is called ground substance ox matrix. 

iv) As the development of embryo proceeds, the,' nature 
of intercellular substance changes. 

v) Fibers begin t'o appear, first the collagenous, then 
the elastic* 

Geheral characteristics of ’ connective Tissue - 

I) The cells of connective tissue are relatively few 
in number, the bulk of the tissue consisting of 
intercellular material or matrix* 

yii) They are highly vascular, 
iii) Rarely do they pccur on’ free surfaces* 

Classification of connective tissue 

1) Connective tissues are classified on the basis of 
their intercellular substance. 

i) Connective tissue propers intercellular substance 
is of a fibrous nature. 

ii) Dense connective tissue., intercellular, substance 
i* e* rigid or semirigid ( c artilage, bone) 

Connective tissue p roper* 

Four types 

Y a : j j 5 

mucqus Fibrous ftati-jaoticular Adipose 
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mucous connective Tissue 

1. Also known as vi/harton's jelly, 

2. It consists of branching cells, irregularly 
arranged which sometimes anastomose. 

3. Jelly-like matrix present and contain mucin. 
^,.4. A few bundle of collagenous fiber may be presents 

y_5. No elastic fibers* 

6. Wharton's jelly is found onl y in the _u mfrglical 
cor d of the embryo . 

Fibrous connective tissue 


1* Composed of cells embedded in a matrix that is 
made up fibers and a semifluid’ substance. 

2. Fibrous connective tissue is further subdivided 
into 


a) Areolar b) White fibrous c) Yellow f£br 

(collagenous) (elastic) 


a) Areolar or loose connective tissue 

1) It consists of an interlacing net work of fibers 
in a semifluid matrix throughout which cells are 
scattered* forms the interstitial tissues of is 

2) This kind of tissue/organs, surrounds blgjjd wessel 
andjagrves, and constitute most of the subcutaneo; 
tissue and the deejf ia| C i a 

b) The white fibers 

1) n -'dur m bundles and if not stretched, are usuallf 
■RSfiXx wavy. 

2) The fibers themselves do not branch, but a bundlt 
of them may do so* 




3) They are nonelastic yet fig flexible. 

) They swell in weak aci^oralkalies and are 
digested by acid pepsim but resist alkaline tflflBS 

^^The collagen they contain yields gelatin upon to 


c) The vellow fibers 

1) Are single fibers, usually straight but contain^ 
elastin, are highly elastic* 

2) They may branch and anastomose 

Hesist boiling water, gcids and alkali$ sanc ^ 
digested slowly Jo_Y„b.Q±h pepsin and trypsin* 
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Histo joaz Asrolkt ^ tissue 

The ce^ls of areolar -tissue are « 

-|. Fibroblasts: The cells, of areolar tissue are numerous, 
/ irregularly shaped ph&gb'cytic, thought to 

y give rise to fibers* 
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2. Histiocytes: 


/ 


] (fixed macropages) irregular in shape with 
benching processes and small nuclei, stain 
deeply, normally g quiescent but activel y 
amoeboid ’ and phagocytic during inf larnatory 
pieces 


3. Plasma cells:’ Smaller than histiocytes, fewer in number, 
function unknown.’ 


4/ Mast cells: Occur in varying .numbers , found especiall y 
/ * al ong blood vessl es* Origin and function 

* are not definitely known* 

Produce heparin . an anticoagulan t* 

5. jviistellaneous cells: £ eosinophils, pigment cells, undifferen- 
tiated mesenchymal cells and l^miphoid ’’Wandering' 1 
cells- ^ ^ ^ 

white fibrous connective tissue 


1. Consists mainly of white fibres with few elastic fibres 
present. 

Occurrenc e: \'It is found in the fibrous capsules of organs, 
tendons anc j aponeurose s* 

Tendon: A tendon' is a flat or cord~like band that serves to 

attach muscle j to bone - Its collagenous fibres 
are arranged in para 11 eUnim d ies. 

Fibroblasts % the only cells present, are arranged in parallel 
_ T . - rows between the bundles. 


a a flat sheet of connective tissue that attaches 
rmi.^r. 1 pfi +.r> hnpp.c; nr fljjipr tissues it is similar 
in structure to a tendon* 


A" ligament also is , similar' to a tendon in structure except that 
~ ” its fibres' are less regularly arranged and some 

elastic fibres may be present* 


Yellow fibrous or elastic connective tissue 


It is made up of principally yellow elastic fibers with 
a few collagenous fibers- It is found in so me__liqaments __and in 
the walls of larae blood vessles. especially the aor ta and the 

larger arteries'^’ 

Jt is” 

“ ^composed, of scleroprotein called elastin, s een in areola r , 
U ssue, in p igaments between joints and vertebrae* 

fiiMcu lar connective tissue 

Reticular connective' tissue consist of a syncytial : ne two rk 
of cells with many arayrophilir. intercellul ar fibers running 
in all directions and" forming a reticul um. These fibers are so 
named because of their property of staining intensely with 
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certain silver meth ods* This types of tissue forms the frame* 
work of lVmphoiTd' olrgans such as the spleen, lymph nodes and 
bone marrow* It is also found in certain endocrine glands in 
the walls of blood vesseles, and in digestive and respiratory 
passages underlying mucous membranes# 


Ij Adipose tissue is made up principally of cells that 
have the capacity for taki ng in fat and storing it 

2) Mature fat cells contain a large droplet of neutral 
fat occupying the major portion of the cell* 

3) The cytoplasm is reduced to a thin layer surroundu 
the droplet# 

4) The ^nucleus is flattened and pushed to one side, 
giving the fat cell a signet ring ” appearance* 

5) Groups of fat cells are separated by areolar tissui 

6) Adipose tissue is found in the superficial fascia 
under the skin ? around organs such as kidney , bladd er, and 
heart, in mesenteries and the greater omentum, and as individ 
cells or in small groups in any loose connective tissue 
especially that along the blood vessels and nerves* 

Functions 

1) Serves as a reservoir of reserve food# 

2) Protects the organs it a® surrounds against cold 

(or heat loss). ) 

Protects against mechanical injury 
’v^^Helps to support and hold organs in place, 
j 5) Fills in the angular areas of the body# 

bense Connective Tissue i 

1* This tissue includes a) Cartilage and b) bone ..osseous 

tissue 

a) Cartilage; Forms foundation of encLo-^sJteie-ten in all 

vertebrates and persists in this condition, 
throughout the life' and in others partially 
at least in some vertebrates or wholly replaced 
by ''bone 

There are three types of cartilage 

i) Hyaline 

ii) Fibrous 

iii) Elastic 

Hyaline Cartilag e ; 

l) Consists of cells lying in cavities(lacunae) surrounded W 
a homogenous matrix or dense, semirigid intercellular 
substance. y 


/ 


') matrix contains collagenous fibers which, however, 
be seen in ordinary preparations. 


can 1 
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The cells called condrocytes, are usually single 
although they may occur in pairs or in groups of three 
or four. 


4 y Hyaline cartilage is flexible and slightly elastic* 

5 ) It is covered by a membrane, the peric]\)ndrium, except 
ov er arti juXa- r surf& ees ^_of the~5 bne. 

6 . Hyaline cartilage is found in the articular cartilages 
isxfBMHdxxHxiRBxartiKHiar covering the ends of bones 
at joints, in costal cartilages )s«M 88 xafc between the 
ri bs antj ^s-jernurn, and in the septum of the nos e and 
cartilages of the larynx and t rache a. 
r~ " ” ■ 

Fibrous Cartilage : 


l) Consists of a matrix not quite so dense as that of 
hyaline cartilage and containing many collagenous 
fibers that are arranged more or less in rows. 


2 ) It possesses great strength a nd 8 * flexibilit y. 

3 ) The cells, $void and enclosed in capsules, are relatively 
few in number a nd usually are widely separated? 

This type of cartilage is found in in tervertebral disks 
^ between the bodies of vertebrate and in the pubi c 
symphysis. 

Elastic" Cartilage 


1) It consists of a matrix having many elastic fibers i 
forming an interlacing net work. 

2) Collagenous fibers are present but not readily seen. 

3) The cells, usually single but sometimes in pairs, lie 
in cavities called lacunae . 

4) This type of cartilage is flexible and elastic. 

5) It is found in the cartilage of the external ear, the_ 
wall of the Eustachian, tube, the e piqlatt is and certain 
layngeal car tilages. 

dafiilJOsseus tissue) 

1) done is a rigid tissue consisting of bone cells embeded 

in matrix that is impregnated with c alcium and n hn.snha.rous 
salts. ; ’ 

2) The structural unit is the Haversian system, which 
consists of cylinders of matrix and bone cells surrounding 
a cavity, the Haversian canal. 

3) This canal contains blood^)^.ssil&^--lymphat-ic's-afl^--fveiitfi.s. 

4) The matrix is arranged about each Haversian canal in con- 
entric layers called lamellae. 

5) Between the lamellae are lacunae, within which lie the 
bone cells ( between os'teo cy tes) 

6 ) Many minute canals called canaliculi extend from each 
lacuna and penetrate the matrix in all directions, 
connecting the various lacunae* 
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PUMPIBQ ACTION OF HEART 


Dr. J. K, Pand a 

The primary function of the cardio-vascular system 
is to provide an adequate supply to all cells of the body, of 
materials needed for their proper function and that carries 
away the waste products of their metabolism. It is a well- 
organised transport system of the body by which the blood being 
circulated within a closed system under different pressure 
gradients, created by the pumping mechanism where heart acts as 
the central pump. The volume of blood in our body is limited, 
but it has to perform unlimited amount of work continuously. 

This naturally leads to the conclusion that the same quantity 
of blood must be used over and over again. In other words, blood 
must circulate. 

Blood gets reduced in the tissues and oxygenated in the 
lungs. Consequently, it has to pass alternately through lungs 
and tissues, doing opposite functions at these two places. Hence, 
circulatory system has been divided into two functionally opposite 
parts: (1) The systemic circulation (Greater circulation with 
high resistance circuit) - passing through the tissues. (2) The 
pulmonary circulation (Lesser circulation with low resistance 
circuit) - passing through the lungs. The two systems again 
raset in the heart. 

MATOMCAL CONSIDERATIONS OF HE ART. The heart is roughly 
heart-shaped structure and rests obliquely in the thoracic 
cavity. The anterior surface of the heart faces the sternum, 
the posterior surface - the base of the cone faces the vertebral 
column and the inferior or diaphragmatic surface rests on the 
diaphragm. The heart has got four chambers two ventricles and 
two atria - both right and left. The two left cbanrt^rs are 
separated from the two right ones, by a continuous partition, 
the atrial portion of which is called the interatrial septum 
(fibrous) while the ventricular part is known as the interven- 
tricular septum (upper one-fourth fibrous, lower three-fourths 
Muscular), From the left ventricle arises the aorta, carrying 


Contd. , .P/2 



m 


-S 2 

oxygenated blood to the tissues. From the right ventricle, 
which is less muscular than the left, arises the pulmonsry 
trunk, carrying reduced blood to the lungs. The right atrium 
receives all the venous blood from the body through three vein s . 
the inferior and the superior venae cavae , and the coronary 
sinus. The left atrium receives all the oxygenated blood from 
the lungs through pulmonary veins.. 

Thus the jfour chambers of heart perform four different 
functions. The course of circulation is as follows. The left 
ventricle^ propels oxygenated blood /to the tissues. Here, it 
gives up oxygen and becomes reduced. The reduced blood cones 
back to the heart through the veins and is received, by the 
right atrium. From the right atrium it passes into the right 
ventricle; ' which then propels it into the, lungs. Here, it ' 
becomes re- oxygenated’, and is returned to the left atrium 
through the pulmonary veins. From 1 here it enters the left 
ventricle and is pumped out into the greater circulation again, 
In this way circulation goes on. Two technical terms are used 
in connection with heart, e.g., systole and diastole. The term 
systole 1 means contraction and diastole means relaxation^ 

VALVES OF THE HEART 

There should not be any admixture between arterial atri 
venous blood. In other words, circulation must be strictly must 
be strictly one way. This is done by the action of valves. 

There are four sets of valves, in the heart. The right atrioven- 
tricular opening is guarded by tricuspid valve the left opening 
by the mitral or bicuspid valve. The openings of the aorta 
and pulmonary artery are guarded by semilunar valves (three 
cusps). 

The cusps of tricuspid valve and mitral valve are 
triangular in shape and are attached at their bases to the 
margins of fibrous connective tissue encircling the atrio- 
ventricular orifices. These valves open when the blood passes 
from the atria to the ’ ventricles. The apices of the valves are 
projected within the ventricles during flowing of blood' into 
ventricles. But the apices are restricted to bulge .within the 
atrium during ventricular contraction by the presence otf chordae 
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tendineae which attach the apical end of the valve and the 
papillary muscle in the ventricular wall at the other. The 
larger and stronger aortic semilunar valve, guards the orifice 
tetween the left ventricle and the systemic aorta, whereas the 
pulmonary (pulmonic) semilunar valve guards the opening between 
the right ventricle and, the pulmonary trunk. 

ACTION OF THE VALVE S o 

The atrioventricular (A.V.) valves open' to wa rets '"the 
ventricles and close towards the ventricles and close towards 
the atria. The semilunar (S.L.) Valves opfen v iway from the ventricles 
and close towards the ventricles. So that when atria contract, 
atrioventricular valves open and blood passes into the ventricles, 
’/hen ventricles contract, atrioventricular valves close, but 
semilunar valves open. This prevents regurgitation of blood into 
the atria but allows it to flow out of the ventricles. In this 
my circulation becomes one way. 

The two ventricles contract simultaneously, as also the 
two atria. The same amount of blood passes out of the ventricles 
at the same time during' systole. The same amount of blood, enters 
the heart at the same time during diastole. Any discrepancy in 
the time or in the quantitative relations may ultimately cause 
h:art failure. 

SPECIAL JUNC TIO ML TISSUES OF THE HIS AMT 

Cardiac muscle consists essentially of certain specialised 
structures which are responsible for initiation and transmission 
3 i cardiac impulses at a higher rate than the rest of the muscle. 
Those specialised cardiac tissues operate such mechanism are 
collectively known as the junctional tissues of heart. They 
comprise the following structures s (1) Sino- atrial (S. A.) 
node. ( 2 ) Atrioventricular (A. V.) node. (3) Bundle of His 
(atrioventricular bundle). (4) The right and left branches 
of the bundle , ending in the (5) Purkinje fibres. 

The sino-atrial and atrioventricular nodes and bundle 
His are composed of specialised cardiac tissue and contain 
^h ain °unt of glycogen. These have got. more sarcoplasm than 


Contd. . .P/4 



128 


4 : - 

the rest of the cardiac muscle fibres. Purkinje fibres also 
contain high amount of glycogen in their sarcoplasm. The atrial 
muscle fibre is connected with the ventricular muscle fibre 
only through the bundle of His because a fibrous tissue ring 
keeps the atrial muscle separated from the ventricular muscle. 

Damage of hurdle of His causes dissociation of atrial and 

I 

ventricular rhythm, 

r 

SIND-ATRIAL NODE . (Keith and Flack, 1907). It is 
situated in the right atrium at the junction of superior vena 
cava and the right auricular appendage. It extends downwards 
along the sulcus terminalis for about 2 cm (three- fourths of 
an inch), It is broader at the top and tapering below, and 
measures about 5 x 20 mm. 

This nodal tissue possesses relatively few myofibrils 
and also it is claimed to consist of a dense network of small 
Purkinje fibres. Some investigators believe that the transmission 
of cardiac impulse from the S. A* node to the A, V, node is 
mostly facilitated by the presence of Purkinje fibres in the 
atria. No pathways of special fibres have yet been satisfactorily 
demonstrated until recently in the walls of the atria, 

Goldman (1970) has described that there are three 
internodal atrial pathways originating from the S; A, node go 
to the A. V. nodal region (FIG. 1). These internodal tracts 
contain Purkinje type of fibres. The anterior internodal tract 
after coming out from the S. A* node curves round the superior 
vena cava and anterior wall of the right atrium. Here it 
bifurcates into two branches, one of which goes to the left 
atrium and other goes to the anterior superior region of the 
A. V. node. The middle internodal tract and posterior internodal 
tract after coming out from the S. A. node curve behind the 
superior vena cava and end in the superior margin and posterior 
margin of the A. V; node respectively. In between three inter- 
nodal tracts there are interconnecting fibres which merge Just 
above the A. V. node and also by-pass this node. In between 
the muscle cells, many, nerve cells are found which act as vsltf 
stations for the vagus only, Fxcitor sympathetic fibres are also 
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found here. Function s. It generates the normal cardiac impulse 
at the rate of 70 to 80 minute in the adult and acts as the 
pacemaker of heart and the rhythm originated from this region 
is generally designated as 'sinus' rhythm. 

2 , ATRIOVENTRICULAR NODE (Tawara, 1906). It is situated in 
the right atrium at the posterior part of the interatrial septum 
close to the opening of the c’olrbhary sinus. It measures ■ about - 
2 x 5 mm. The presence of the atrioventricular node was first 
identified by Kent in 1892 and afterwards His in 1893 described 
a hand of modified muscle fibres to course from the atrium to 
the ventricle. Tawara (1906) described in details the presence, 
of this specialised tissue 'in many species of animals. The cells 
of the A. V. node are cardiac muscle fibres but have a few 
myofibrils. It also consists of Purkinje fibres which form a 
dense network. The node is extended into the common- the 
atrioventricular bundle (bundle, of His). Functions . ■ (a) It 
receives the impulse originating from the S. A. node and 
transmits it to the ventricles through the bundle of His. 

(b) It acts as reserve pacemaker. The rhythm that is originated 
in the A. V. node is known as nodal rhythm, (c) It also initiates 
the cardiac impulse, but at a slower rate (40 to 60 per minute). 
In abnormal conditions, when the S. A. node fails, the A. V, 
node generates the impulse (nodal rhythm), 

3* BUNDLE OF HIS . Course - The main trunk *of this bundle 

i* continuous with the A. V # node 'and passes upwards until it 
reaches the posterior margin of the membranous part of the 
interventricular septum and then forwards below it. It measures 
about 20 mm long. 

/4t BUNDLE BRANCH. Just above the muscular part of the 
septum, the bundle divides into right ‘and left branches. The 
ri| ?ht bundle branch is longer than the left one. The left 
bundle branch bifurcates into superior and inferior divisions. 

It pierces the membranous septum, enters the left ventricle 
3 ud passes along the muscular septum towards the apex. The 
ie ft branch ends in the Pur kin je systems of the ventricular 
subendocardial tissue (FIG. 2). The right branch passes down 
side of the septum. These branches remain just under 
endocardium. They are finally distributed through the 
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terminal arborisations of a. special; type of cardiac muscle 
fibres, known as the Purkinje -fibres. Functions , (a) Conduction. 
Its normal function is to conduct the- atrial impulse into the 
ventricles* (2) Rhythmicity - When the S'. A. and A. V. nodes 
fail, the bundle can originate cardiac impulse. But the rate 
is very slow, about 36 per minute, ' 

5. HJRKINJ5 FIBRES , The Purkinje fibres which arise from 

.the branches' of the bundle of His, spread from the interven- 
tricular septum directly to the papillary tnuscle and then to 
the lateral walls of the ventricle ending ultimately within the 
subendocardial network. Purkinje (18^5) first observed the 
presence' of these fibres in the subendocardial tissue of the 
ungulate, heart. Purkinje fibres have got a larger diameter 
(50 to 70 p) than the ordinary cardiac muscle fibre (15 p). 

It also contains relatively more sarcoplasm with large amount 
of glycogen. Myofibrils in the fibre are present mostly in'the 
periphery of cells and the central space is occupied by glycogen, 
Functions , Main function of these fibres is to conduct impulse 
quickly to every part of the ventricular muscle fibre. These 
fibres also can initiate impulse (30- 35 per min.) in case of 
atrioventricular dissociation, , ' 


SPREAD OF CARDIAC IMPULSE 
‘ CONDUCTION OVER ATRIAL MUSCLE. 

Cardiac impulse originated at the S. A. node is 
transmitted over both the atria like concentric waves. The spread 
of electrical impulse through the S, A node is very slow (0,05 E 
per sec.) but the same through the junctional tissues that 
connect the node to the atrial musculature or to the 'A. V. node 
is higher (1 m per sec,), 

CONDUCTION OVER A. V. NODE . 

There is also a considerable delay of 0.07 sec. to 
0.1 sec. in transmission of impulse in the A, V* node before 
excitation spreads over the ventricle. This. A. V. nodal delay 
allows the atrial systole to complete before the ventricle is 
excited. This delay is observed maximally _at the junctional 
region between the atrium and atrioventricular node. The condu- 
ction velocity of impulse at this region ig approximately 
0,05 m per sec, 
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CONDUCTION OVER BUNDLE OF HIS AND THE 
RTOHT AND LEFT BUNDLE BRANCHES, 

Beyond the atrioventricular region, the impulse is 
transmitted along the. bundle branch at a higher velocity 
(4-5 m per sec.)- Th e impulse from the bundle of His passes 
quickly through the right and left bundle branches and ultimately 
reaches the Purkinje fibres and ventricular muscle fibres as well, 

1 " i 

CONDUCTION THROUGH PURKINJE SYSTEM S. 

The impulse, after passing through the right and left 
bundle branches, passes into the Purkinje fibres and also its* 
multiple ramifications within the subendocardial surfaces of 
both ventricles. The impulse then travels from the_ endocardium 
to the epicardium of ventricular muscle perpendicularly. 

CONDUCTION .THROUGH VENTRICULAR MUSCLE . 

In human beings, the midportion of the interventricular 
septum is activated normally in a left to right direction. So 
the depolarisation of the ventricular muscle begins at the left 
side of the interventricular septum because the Pur kin je fibres 
arise more proximally from the left bundle branch than from the 
right bundle branch and activates the left side of the septum 
initially. After midseptal activation fromKthe left to the right 
direction (FIG, 3), the impulse comes down the septum to the 
apex of the heart and next portions of myocardium that is. 
activated is the anteroseptal region of the ventricular 
myocardium (FIG, 4). The impulse then proceeds along the right 
2nd left ventricular walls to the atrioventricular groove. The 
spread of excitation through the ventricle proceeds from the 
endocardium to the epicardium and thus the whole of the right 
and left ventricular walls are depolarised (FIG, 5). The portions 
of the ventricles that 'are excited lastly are the posterobasal 
- e Sions of the left ventricle, the pulmonary conus, and the 
uppermost portion of the interventricular septum (FIG. 6). 

S^LzTO-CET,T. nn^TTr TTrm 

Earlier conception was that there is protoplasmic 
°ntinuity between cells of the cardiac muscle and thus impulse 
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is transmitted through the intercellular bridges. But electron 
microscopic studies reveal that there is no such bridges or 
protoplasmic continuity, the cells are bounded on all sides by 
membranes of high resistance. Transmission of impulse -through 
this membrane is impossible. But the intercalated' disc which 
crosses the short axes of the cells 1 offers very low resistance 
and impulses reaching the intercalated disc are quickly propa- 
gated to the cells. So the sync itium-1 ike properties of cardiac 
muscle are due to presence of low resistance intercalated 
discs (FIG. 7). 

INTRACELLULAR CONDUCTION . 

Through the specialised areas of the intercalated discs, 
the impulse ultimately reaches the cell membrane - sar oolemma. 
From here, the impulse' is transmitted quickly through the 
transverse tubules (T tubules) - sarcolemmal invagination. This 
T tubule passes through the Z-line and here it is in close 
apposition with the sarcoplasmic reticulum that is present in 
the area in between the Z-lines, So the impulse from the cell 
wall is transmitted through the transverse tubules and then 
through the sarcoplasmic reticulum, and reaches ultimately to 
the contractile units of the muscle (FIG. 7), 

BASIC PROPERTIES OF CARDIAC MUSCLE 

The properties present in other muscles are also shown 
by the cardiac muscle. But it shows certain special features. 
They are briefly summarised below: 

1. RHYTHMIC ITY . 

One of the main characteristic features of the cardiac 
muscle is that it can initiate its own impulse rhythmically* 
This inherent rhythmical property is present throughout the 
cardiac muscle as evident from the electrophysiological studies 
of the single fibre from the S.A. node, A, V. node, atrial 
muscle, Purkinje fibre and also from the ventricular muscle 
fibre. If a strip of muscle fibre from the atrium or ventricle 
is perfused in normal physiological solution with proper , ionic 
concentrations, pH, temperature, etc., then it beats- - 
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rhythmically, proving the presence of pacemaker activity. It 
has been discussed earlier that the rate of rhythrnicity in the 
S, A, node is 70 to. 80 per minute, in A. V. node 40 to 60 per 
minute t in atrium 60 per minute, in ventricle 20 to 40 per minute. 
Due to higher rhythmical property of the S. A. node, it controls 
the rest of cardiac muscle and thu r s heart beats at the rhythm 
of the S, A, node. When the S. A. node fails, the A. V. node 
takes the charge and if it fails, the atrium and afterwards 
ventricle take the charge of maintaining heart beat. 


Transnembrane potentials, recorded simultaneously from 
the single fibre of the S. A, node, A, V, node and ventricle 
during normal beating, vary in their successive phases from 
those are recorded separately in isolated preparation. Difference 
in membrane potential recorded in between outside and inside 
cell membrane is known as transmembrane potential. Transmembrane 
potential can be recorded by inserting micro-electrode (Q. 2 p) 
directly into the single cell and the indifferent electrode is 
kept outside the, cell, 'As soon as the micro-electrode penetrates 
the cell membrane and if* the indifferent electrode is kept 
outside the cell, a potential difference ranging from - 80 to 
- 90mV will be shown in the galvanometer. The resting transmem- 
brare potential, thus recorded an the S. A. node is -80 mV, 
but the same, in the A. V. node, atrial muscle and ventricular 
tPuscle is -90 mV, This resting membrane potential will be 


maintained until the resting state is disturbed by propagated 
impulse, with the onset of excitation, the steady state -is 
changed rapidly and the membrane potential attains to + 20 mV, 
4fter reaching at this level, it maintains steady state for a 
while and gets down gradually to its initial resting state. The 
upward deflection is the depolarisation phase as the membrane 
Permeability to Na+ is altered due to excitation. In resting 
state the extracellular Na + concentration is higher than that 


the intracellular and the permeability of Na + to 'the cell 
^nibrane is hastened during excitation. So during depolarisation, 
ttere is an influx of Na + and this process is maintained .until 
^reaches + 20 mV. Here Na + entry is decreased and K + begins 
. ° C0Dle out from the cell. This phase is known as re polarisation. 
r9art reoi 9ins in a state of systole at this stage, K+ efflux 
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decreases after reaching the resting level and reorientation 
of ions (K*’ and Na 1 * ) takes place at' this stage by 'pumpingt, 
against electrochemical gradient and by metabolic energy, This 
phase is known as slow diastolic depolarisation. This phase 
coincides with the period of diastole. This process is very 
slow and due to reorientation of ions, the threshold potential 
(-60 mV) is slowly achieved and the membrane is further 
depolarised and the process is repeated. This process once 
started is maintained in the car’d iac muscle until death ensues, 
How this process is initially being started in embryonic cardiac 
tissue is not yet fully known but it is presumed that certain 
hypoxic state may have been the cause of excitability in the 
embryonic stage. This slow diastolic depolarisation phase is 
the characteristic of pacemaker 1 activity. This slow diastolic 
depolarisation phase 6f transmembranelpotentfals is absent in 
other than pacemaker area if the same is recorded simultaneous- 
ly from single cell in a pace maker -.dominated heart. This phase 
is however present in a transmerabrane potential recorded from 
any isolated preparation of cardiac muscle. 

Cardiac rhythm is altered following stimulation of 
vagi or sympathetic nerve supplying the heart. The cause of the 
slowersd heart rate following vagal stimulation is presumably 
due to prolongation of the slow diastolic depolarisation phase 
and also due to hype rpo lari sat ion for increased permeability 
of K f to the cells. The rate of firing is decreased and longer 
time interval is required to achieve the level of threshold 
potential. Strong vagal stimulation causes the complete disapp- 
earance of spontaneous discharge for some time. These effects are 
in the vagal nerve endings due to liberation of acetylcholine* 
which causes hyperpolar isation of the cell membrane by increa- 
sing the K + permeability. On the other hand, cardiac sympathetic 
nerve stimulation or administration of adrenaline induces the 
membrane potential to fall more rapidly and the rate of 
spontaneous discharge increases greatly, 

2. CONDUCTIVITY . 

Conduction of impulse through different parts of the 
heart has already been discussed in detail. The impulse 
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originated at the S. A* node spreads over the atria and reaches 
the A. V, node through the internodal fibres* There' is- no special 
connecting tissue between the two nodes, demonstrated 
histologically but from electrophysiological studies, the 
axistence of such tissue has been reported by Carvalho and 
others ( 1 961 ) , The A. V. node transmits the impulse through 
the bundle of His and its branches to the ventricles. From the 
ipex of the heart through the Purkinje fibres the impulse is 
conducted to the base. Conduction in the bundle of His and the 
Purkinje fibres is 1 metre per second, still less in the 
ventricular muscles 0,4 metre per second and least in the S. A. 
node 0.05 metre per second and A. V. node 0-.1 metre per second. 


3. EXCITABILITY AND CONTRACTILITY . 


Like other muscles, the cardiac muscle is excitable by 
adequate stimuli and responds by contraction. The fundamental 
contractile unit of the cardiac muscle is myofibril which 
contains the protein units, action and myosin. During contraction 
these two units are associated in presence of ATP and thus the 
fibre is shortened, but during rest these are dissociated again 
w ith the resynthesis of ATP, Myosin itself is an enzyme 'ATP-ase* 
capable of de phosphorylation of ATP, Ca ++ ion activates the 
ATP-ase activity - favouring prompt association of actomyosin 
and ADP complex. Excess calcium always keeps the muscle unit 
in contracting state (Calcium rigor) due to association of more 
contractile units. K + ions do not favour association of actin 
and myosin (Szent-Gyorgyi and Hajdu, 1952). So if excess K + 
is added in the extracellular fluid then the heart muscle 
gradually stops in diastole. 


ALL-OR-NQNE RESPONSE _ „ ’ 

IT a quiescent heart muscle is stimulated at widely 


spaced electrical shocks of increasing strength then muscle 
contracts as a whole only when the threshold strength is 
Cached, But there was no such increasing amplitude of contra- 
ction with increasing intensities of stimulation. This was 
JJ"* Bowditch (1871). Single skeletal muscle fibre 
aves like this but if the entire muscle is stimulated with 
^aded intensities of stimuli then graded responses are 
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5, REFRACTORY PERIOD , 

This is another characteristic property of the heart 
muscle. The refractory period' of the heart is long and can be 
divided into three parts i (1) Absolute refractory period * 

This period extends throughout the whole period of contraction, 
Any stimulus, however strong, will fail to elicit a response 
if it falls within this period. For this reason, heart muscle 
cannot be tetanised. This long refractory period ensures enough 
time for recovery of the cardiac muscle. This is the reason 
why cardiac muscle cannot be, fatigued. This 'period coincides 
the period from the onset of depolarisation phase to the 
re polarisation up to the threshold potential (FIG. 170), . 

(2) Relative refractory period - This starts immediately after 
the absolute refractory period and involves the first part of 
relaxation. ' Only a very strong stimulus will be' effective, 

This period begins when the transmembrane potential during 
repolarisation phase has just reached the threshold potential 
(-60 mV) and ends just before the repolarisation phase is ceased, 

(3) There is another type of refractory period observed after 
the relative refractory period which is known as supernormal 
period. This period is limited from the point of termination 
of repolarisation to the beginning of slow diastolic repola- 
risation phase. 

6, TONE . 

Heart muscle possesses tone. This tone is independent 
of nerves and can be adjusted. In this way, it can maintain a 
fairly constant tension upon its varying contents, 

CARDIAC CYCLE ’ 

DEFINITION 

Changes that occur in the heart during one beat, sr® 
repeated in the same order in the next beat. This cyclical 
repetition of the various changes in heart, from beat to beat, 
is called cardiac cycle, - * - 
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' At the beginning of ■ventricular diastole, the semilunar 
valves close produring the second sound, fhere is a brief 
interval between the beginning of diastole and the closure of 
the semilunar valves - known as the protodiastolic period 
(0.04 sec.)i So that, second sound occurs actually after this 
period. The A. V, valves open a little after the closing of 
the semiluhar valves, % interval between these two is called 
the isometric relaxation period (0.08 sec,). During this period 
ventricles relax as closed cavities and intraventricular 
pressure steeply falls. At the end of this period, the 
intraventricular pressure 1 goes below that of the atria and 
the A. V, valves open, Atrial blood rushes into the ventricles, 
producing the third sound. Here, ventricular filling begins, 

The first part of filling is very rapid, being known as the 
first rapid filling phase (0.115 sec.). The maximum filling 
takes place during this brief period. The intermediate part of 
filling is very slow and is known as diastasis or slow inflow 
phase. Although this is the longest phase (0.167 sec.), yet 
the amount of filling is minimum. The last part of diastole 
corresponds with atrial systole. Due to active contraction of 
the atria, filling becomes very rapid. This last rapid filling 
phase (0.1 sec,) is responsible for the last part of ventricular 
lining, ^ue to rapid rush of blood, another sound is produced- 
the so - called fourth sound of heart, Here, ventricular 
diastole ends and systole commences again. In this way the cycle 
continues (FIG. 8). 
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NERVE CONDUCTION 


by Dr, Jayanta Kumar_ Panda 

The importance of nervous system lies in the fact that 
it controls and integrates the different bodily functions, and 
acts as the chief coordinating agency in the animal body. The 
rwe tissue is differentiated into two lines ( i) neural cells - 

ipuroblasts, and (ii) glial cells - spongioblasts. , The glial 

' 1 

cells or neuroglia perform as interstitial tissue in^grey and 
white matter whose main function is support, insulation and 
phagocytosis, whereas the neuroblasts pass through successive 
stages and ultimately give rise to the matured neurome. 

Neurone : 

A nerve cell with all its processes is called a 
reurone (Fig, 1), It is the structural and functional unit of 
rervour system. It may consist of a nerve cell body or sorria and 
two types of processes - axon and dendrite. Dendrites branch 
extensively close to the cell body and carry excitation to the 
cell body, whereas axons spread excitation away from the cell 
body. The structures contained in the cell body viz. (i) nucleus? 

(ii) neuroplasm with neurofibrils passing through the neuroplasm 
frota dendrite to the axon, and nissl bodies (granules), 

(iii) mitochondria, ( iv) golgi apparatus, (v) ribosome, 

(vi) endoplasmic reticulum, (vii) centosome, (viii) cell inclusions 
ard (ix) neurosecretory materials, 

mSIom gY OF NERVE CONDUCTION 
fe eing p otential * 

In a state of rest there is a/ difference 1 in potential 
of the order of 60-90 millivolts between the outer surface of 
acel1 and its protoplasm, the cell' surface being electrically 
^sitim with respect to the protoplasm. 

^^t^g.s tAng poten tial ; 

^cording to Hodgkin and Huxley (1952) bioelectrical 
are caused by inequal concentration of pottassium, 
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sodium a* chlorii* ions within the cell and outside J 
ty the variable pertniability of the surface of the 

to them. 

The protoplasm of nerve and muscle cells contains 
30-50 times as many pottasium ionr, 8-10 times fewer «aj,| 
ani 50 times fewer chlorine ions as does the extra j 
To the structural elements of the membrome are bound 
which' lend a particular electric charge to the walls of it, „ 
there by impeding or facilitating the passage of other ion,,! 
is supposed for example, that the presanc^ of dissociated j 
phosphate and carboxyl groups is tho reason only the Ktirm 
rsrve fibre is much less parmiable to anions than to cations, 
Fermiabillty to different cations also various and charges rej 
in the different functional conditions of the tissue, At rest 
the permiability of nerve fibre membrome to pottasium ion is 
between 20 to 100 times that to sodium ions, where as in an a 
state the ratio is significantly reversed. 


* ACTION POTENTIAL ; 

If a sufficiently strong stimulus (for instance elecbJ 
shook) is applied to part of a nerve fibre, it will give ri*l| 
excitation, the main manifestation of which is a rapid variati 
of the membromp potential, which is known is action potential, 

* ( During the resting state, the potassium ions, due 

their higher concentration, tend to diffuse out ward and this 
creates an internal negativity.' H wever, the internal 
becomes great enough to prevent further movement of pottasiuo i 
and thus an equilibrium is reached. This is the resting 
A cross the resting plasma membrome the resting potential 1* 
usually about 60 to 70 mV . ) 

1- SUITABILITY . The nerve fibre can be stimulated 
suitable stimulus, which may be mechanical, thermal, cheid 08 ^ 
or electrical. In experiments, electrical stimulation is U!U 
employed because its strength and frequency can be accurst® 
controlled. The following changes will show that a nerve h® 
excited: (a) The muscle or the gland where the nerve ends ® , 
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Ispond. (b) The stimulated spot on the nerve becomes electri- 
fy negative and this wave of negative potential passes along 

! 

fie nerve and can be detected by galvanometer or by CR0' t (c) The 
lotion potentials - An electrical disturbance always accompanies 
jhe travelling nerve impulse. In resting cell the surface is 
iositively charged and the interior is negatively charged. When 
he surface is stimulated and the permeability is increased as 
; result there is reversal of polarisation. The surface at the 
timulated point becomes negative (cathode) causing catelectro- 
onie change. When this change rises to threshold level, impulse 
fill pass like self propagated disturbance by drawing positively 
Charged particles from the neighbouring points which in turn 
jecomes cathode. The depolarisation of th* membrane is the first 
tep of the manifestation of an impulse. After an initial slow 
ise, depolarisation wave overshoots rapidly arrf reaches the 
^potential line (zero line) to approximately + 35 mV, After 
it reverses and begins to fall very rapidlv towards the 
ssting level 70 mV), At approximately two-thirds of 
^polarisation, the rate of fall is being abruptly slowed. This 
fall is known as negative after-potential (after- 
fepolarisation) . The rapid rise of depolarisation wave and the 
rapid fall of repolarisation wave are known as spike potential, 
ifter reaching the basal level the wave overshoots slightly 
tot slowly in the hyperpolarising direction. This is known as 
positive after- potential ( after-hype r polar is at ion) . The whole 
&mence of potential changes in the nerve following excitation 
ts known as action potential or membrane potential (FIG, 2). 

ECH ANISM OF THE DEVELOmgNT OF ACTION POTENTIAL 

I In resting state the nerve fibre remains in polarised 

rtats and the membrane potential lies within - 70 mV, The inside 
f 1 the nerve is negative and the outside of the nerve is positive. 
q concentration outside the membrane is higher than that of 

i nside the membrane, K + concentration inside the membrane is 
Iso higher than that of outside the membrane. can permeate 

the membrane at resting state but the Na + cannot permeate, 
"^ability of Na+ to membrane is increased only after excitation 
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and it is the first event of the action potential. The action 
potential occurs in successive stages of depolarisation, 
repolarisation, negative after-potential and positive after- 
potential. It has been postulated that in resting state calciuu 
ions (Ca ++ ) remain binding to the protein surfaces of the 
membrane pores and it does not allow Na + to p<?rmeate through 
these resting pores. During excitation Ca ++ is dislodged from 
its binding site and the permeability to Na* is increased. So 
the depolarisation starts with the onset of Na 1- entry and thus 
an increase in Na + conductance is taken place. The tremendous 
Increase is Na conductance during this period is known as 
activation of membrane. Due to this, the reversal of potential 
is caused with the development of positivity inside the membram 
and negativity outside (FIG. 3). But with the increase of 
positivity inside, further entry of Na + is prevented and calciuo 
begins to bind with the proteins of the membrane pores. But 
as soon as the action potential attains the voltage approximate^ 

+ 35 mV, Kt begins to come out from inside the membrane. The 
inside becomes negative and outside becomes positive again 
(FIG. 4). This stage is the repolarisation phase and Kt conduct 
ance is increased to the maximum. The mechanism underlying the 
process of K + conductance is mostly hypothetical and increased 
positivity inside the membrane due to Na + entry during depolar- 
isation 'phase , allows the K + to come out and the resting 
potential is slowly achieved. But at the later period of this 
phase (at the termination of spike potential) K H conductance is 
slowed down and thus a few milliseconds are delayed in restoring 
•t-be membrane potential. This state is known as negative after- 
potential which has been described to be the cause of increased 
K + concentration outside the membrane. This increased K + conceit* 
tration may hinder further efflux of K+. With the disappearance 
of the negative after-potential, though the resting membrane 
potential is achieved yet the resting ionic status is not 
established. It is achieved by the active Na + pump mechanism 
and Na + begins to come out from inside the membrane creating 
negativity again (Figs. 5 ). The positive after-potential is 
to this process of Na diffusion from inside to outside the 
membrane. The negativity, produced due to active Na + pump 
mechanism, causes the K+ to diffuse back to the interior of the 
nerve fibre. For the active Na + and K + pump mechanism high eretffl j 
phosphate (ATP) is required. In this way resting normal ionic j 
status is established during the period of positive after- 
potential. r Contd.^P/5' 
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Excitablity depnds upon the following factors : 

(i) strength of stimulus - A minimum strength is essential, 

(ii) Duration of stimulus - The stimulus must continue for a 
certain minimum period, which varies inversely as the strength, 
ixcitability of a nerve fibre can be determined by studying its 
gtrsngth-duration relationship (threshold stimulus intensity 
duration) of the stimulus. Current intensity of stimulus which 
is just adequate to cause an impuse is called the threshold. 
Intensity below the threshold is known as subliminal. Magnitude 
of current just sufficient to excite a nerve or muscle is called 
rheobase and the minimum time required to have a response is 
known as utilisation time. The shortest duration of current 

flow which will excite the nerve or muscule under current 
strength equal to twice the rheobase is called the chronaxie, 
Chronaxie value is a useful index of the relative excitability 
of the tissues. (Fig. 6) 

2. CONDUCTIVIT Y : The nerve impulse is conducted along 
'■be nerve fibre. Conductivity shows the following characteristics; 
(i) Impulse is propagated along a nerve in both directions. (But 
und*r normal conditions the nerve impulse travels in one 
direction only - in the motor nerve towards the responding organ ; 
in the sensory nerve towards the centre. This is due to the 
set ion of Synapse 1 .) (ii) Velocity of nerve impulse - The nerve 
impulse is propagated with a definite speed (other conditions 
remaining same). The conduction velocity depends upon the 
diameter of the nerve fibres, the thicker fibres showing higher 
^locity. The conduction velocity also depends upon the presence 
or absence of myelination and also on temperature, 

2E2Q& SAFFECTING CONDUCTIVITY A ND OCITABILITYs 

(a) Temperature - cooling diminishes and warming 
Creases these properties, (b) Mechanical pres sure -depresses 
conductivity and excitability, (c) Blood supply - C02 and 
Doties, viz. , ether, chloroform, alcohol, novocain, etc., 
finish and finally abolish excitability and conductivity, 

J H *" ion concentration - increased pH (alkali) increases and 
eased (acid) diminishes. At pH 8,0 the nerve becomes 
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hype re xc it able and spontaneous discharge may occur. Even a 
single stimulus may cause multiple response (repetitive response 
(f) Effect of ions - lack and excess of Ca have the same 
effects as rise and fall of pH respectively. Changes of K+ exert 
opposite effects. Nat ^ Mg++ - similar to K+ but less in 
degree (hence, Na + , V and Mg +H * - are neuro-excitatory, while 
Ca‘ 14 ‘ is neurosedative), (g) 0 2 lack-depresses and if continued 
abolishes these properties. If 0 is readmitted, they return, 

3. ALL-ON- NONE LAW i If the stimulus be adequate a single 
nerve will always give a maximum response. If the strength or 
duration of the stimulus be further increased no alteration in 
the response will take place. This property is present in single 
fibre preparation. In the whole nerve this property is different, 

4. REF RACTORY PERIOD ; When the nerve fibre is once excited, 
it will not respond to a second stimulus for a brief period, 

This period is called absolute refractory period. The absolute 
refractory period means that the nerve is completely refractory 
to stimulaticn-in other words is incapable of eliciting an actior 
potential at any intensity of stimulation. During the absolute 
refractory period there is 'total inactivation of the sodium I 1 
carrier mechanism and as the Na ions cannot enter the fibre, 
there is no development of the action potential. Immediately 
following this, tber* is a brief relative refractory period, 
during which the excitability is subnormal but gradually rising, 
This is succeeded by a third brief period of increased excita- 
bility, known as supernormal phase. Lastly, there is a period 
of subnormal excitability- subnormal phase. 

5. SUMMATION ; (Latent addition). In a nerve fibre summation 
of two submaximal stimuli is possible, 

6* ADAPTATION : The nerve fibre quickly adapts itself* ^ ue 
to this adaptation there is no excitation during the passage 
of a constant current. Only when the strength of the current 
is suddenly altered or the current is made or broken excitation 
t^kes place. A gradual change will fail to excite. 
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7 , ACC OMMODATION % If a stimulus even with stronger 
strength is applied very slowly to a nerve, then there may 
have no response only due to lack of attaining the threshold 
strength. This phenomenon is called accommodation, i.e., slowly 
applied stimulus. ,is t accommodated by the nerve no matter how 
strong the stimulus is applied. 

0, INDEFATIGABILITY ; In the nerve muscle preparation, if 
the nerve is stimulated repeatedly, then after a certain period 
the muscle fails to give any response. Now if that nerve is 
isolated from the muscle and placed on a fresh muscle, then 
application of stimulus will excite the muscle. This shows that 
nerve is not fatigued. 

THS FOLLOWING IS A BRIEF SU MMARY s. (i) Unlike muscles, the 
excitability, conductivity 2nd the recovery process can go on 
in a nerve for a considerable period even in absence of oxygen, 
(ii) The chemical changes’ In' "the nerve ' are” "roughly of the 
same nature as seen "in the i> muscles. Pyruvic acid is formed and 
if <fe supply be insufficient, lactic acid accumulates (same as 
in muscles) . Thiamine which is essential for complete oxidation 
of these acids, is found in good amount in the nerve fibres. 
Although carbohydrates burn, yet they- are ,not the only source 
of energy (contrast with nerve cells-rticb possibly use 
galactose). The breakdown of phospholipids also takes an essential 
part here, it is said that, the energy’requirement of the resting 
terve is supplied by combustion of sugar and phospholipids 
mainly. During activity, ATP 'ird creatine phosphate break down 
31x3 supply energy for the propagation of the nerve impulse. 

Mh ATP and creatine phosphate are then resynthesised but the 
source of energy of this recovery process is not known (may be 
^ the same way as in muscles), (iii) During activity 
ac *-tylcholine is liberated by the cholinergic fibres, while 
norepinephrine by the adrenergic fibres. ( iv) The nerve fibres 
ar,a rich in K + and thiamine. During activity K + (and possibly 
thiamine) diffuses out and Na + and inters the fibres. This 
Nation of K + and Na + seems to be intimately related to the 
properties, viz., excitability, conductivity, etc., of the _ 

* rvo fibres. 
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EXCITATION AND THE LOCAL CIRCUIT THEORY 

It was suggested long ago that propagation of a nerve 
impulse depends on the flow of current in local circuits ahead 
of the active region/ which depolarizes the resting membrane, 
and causes it in turn to become active. In this local, -circuit 
theory/ the flow of current from region A to region B . (Fig. 7) 
results in movement of the active region towards the right, in 
both myelinated and non-myelinated fibres the principle is the 
same in that the active region triggers the resting region 
ahead of it by causing an outward flow of electric current. 

CORE CONDUCTOR THEORY OF NERVE IMPULSES 

If electrodes are applied to the surface of a nerve 
fibre/ electronic potentials develop on the fibre at the 
electrodes and in their vicinity. The potentials ate the greate 
underneath the electrode and fall off at points farther away. 

The development of these potentials and their associates is 
explained by considering the nerve fibre to act as a core 
conductor; a cylinder of conducting fluid material (axoplasm) 
with a sheath (cell membrane) of high electrical resistance, 
surrounded by a layer of conducting medium, 

SALTATORY CONDUCTION OF NERVE IMPULSES 

Conduction of nerve impulses is very rapid in myeli- 
nated nerve fibres in comparison to those without a myelin 
sheath. The myelin sheaths are interrupted regularly at spaces 
known as the nodes of Ranvier. At these nodes the membrane of 
Q neuron makes contact with the surrounding fluid. The distance 
between successive nodes is more in neurons of large diameter 
than in neurons of small diameter. Conduction in myelinated 
neurons is supposed to take place by jumping or skipping of 
action potentials from one node to another instead of travell- 
ing along the nerve membrane. Such skipping movement from node 
to node is called saltatory conduction (Fig. 7) 

SYNAPTIC TRANSMISSION 

The synapse, according to Sherrington (1898)/ is the 
functional connection between two neurons. Between the pr’ e "’ 
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synaptic and post- synaptic membranes a cleft of several 
angstrom units is present* 

ELECTRICAL THEORY OF SYNAPTIC TRANSMISSION 

In the crayfish giant motor fibre, it has been demon- 
strated that impulses pass from the pre-synaptic portion to 
the post-synaptic membrane. The depolarization here spreads 
across the synapse from the pre-synaptic portion and is measure- 
able in the post-synaptic membrane. Any depolarization in the 
post-synaptic fibre does not cause hyper-polarization of the 
pre-synaptic portion indicating an undirectional flow of current. 
Thus, the synapse acts as a rectifier with a high resistance 
towards flow of current in the opposite direction. This type 
of conduction may also take place in other animals. 

CLASSIFICATION OF SYNAFES 

On the basis of the nature of connections between 
neurons, synapses have been classified into three types. 

AXQ SOMATIC SYNAPSES. In this type, the terminal proce- 
sses of the presynaptic neuron end on the cell body or soma of 
the post-synaptic neuron. This type of synapses are found in 
the cerebellum between the basket cells and Purkinje cells. 

AXODENDRITIC SYNAPSES. The terminal processes of the 
axon of the presynaptic neuron end in the dendrites of the post- 
synaptic neuron can (Fig .8). In the cerebellum, the climbing 
fibres from connections with dendrites of the Purkinje cells. 

A XO-AXQNIC SYNAPSES. If the terminal processes of the 
presynaptic axon make connections with the terminal processes 
of the post synaptic neuron, this type of synapses are known 
as a xo-axonic synapses. 

STRUCTURE . Electronmicroscopic studies have revealed 
that the axons of the presynaptic neurons end in expanded 
terminals-the synaptic or terminal knobs or buttons. The 
membrane of the synaptic knob is the presynaptic membrane while 
that of the cell body is the postsynaptic or subsynaptic 
^^rane. Though there is intimate contact between the two 
Cranes, they are separated by a gap, the synaptic cleft 
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measuring about 10-20 nra, Thus, there is no physical conti®^ 
in the cytoplasm of the pre synaptic, and postsynaptic 
at the synapses. However, at some synapses, the two membrarfig 
show areas of closer proximity and the outer layers of the 
unit membranes of the pre and post synaptic membrares even 
fuse, forming gap junctions found in the spinal neurons of 
tele oat fishes and giant fibers of cray fish. In brain cortex 
parallel inter synaptic filaments (Fig. 9) extending between 
the pre and subsynaptic membrane in the synaptic cleft have 
been demonstrated by D. Roberits (1961). The function of the 
filaments is not vet known. In same synapses ( brain cortex aid 
retina), the filaments form a web like network on the subsyna- 
ptic membrane extending even into the Cytoplasm of the postpy. 
naptic neuron. This network is known as the subsynaptic web, 

The Cytoplasm o p the terminal knobs contains mitochondria and 
synaptic vesicles. The synaptic vesicles are spherical or ovoid 
shaped structures with diameters ranging between 20-6 5nm. The 
vesicles are bound by a 4-5 nm thick unit membrane. The vesicles 
are more concentrated towards the synaptic cleft. The synaptic 
vesicles contain the excitatory neuro-transmitter substances 
that mediate transmission of nerve impulses from the presynaptic 
to postsynaptic neurons. The vesicles may be found on both sides 
of the synaptic junction, and in electrically transmitting 
neurons also. 


CHEMICAL THEORY OF SYNAPTIC TRANSMISSION 


The transfer of a nerve impulse across a synaptic 
junction is known as synaptic transmission. This process is 
believed to brought about by the release of chemical substances 
at th° synapse and takes place in the following steps - 


J)P SUBSTANCE . The neuro- 

transmitter substances synthesized in the terminal processes 
of the axons are stored in the synaptic vesicles. On arrival 
of an nerve action potential through the axon into the terminal 
knobs, by some unknown mechanism, the vesicles release the 
otransmitter substance. Calcium ions are required for 
release, and magnesium inhibts the process. After the release 
of the transmitter the vesicular membrane moves into the cell 

cytoplasm and is used to package new transmitter substance 
synthesized. * 
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2. DIFFUS I ON OF THE TRANSMITTER SUBS TANCE . The neuro 
transmitter substances released by the presymptic terminal 
diffuse across the synaptic cleft and bond to specific receptor 
sites on the subsynaptic membrane. In the vertebrate neuronihsc- 
ular junction acetyl choline is released from 100-300 pregynaptic 
sites and diffuses across a distance of less than 1pm. 

3 . PE RMEABILITY ALTERATION S IN THE S UBSYNAPTIC MEMBRANE . The 
binding of the neurotransmitter to the receptor molecules is 
accompanied by alterations in the permeability of the subsynaptic 
membrane. Two types of alterations in the permeability are 
observed. The first is a general type in which the permeability 
of the postsynaptic membrane to all types of ions bringing about 

a depolarization of the membrane and excitatory post synaptic 
potential is produced. The second type increases the permeabili- 
ty of the membrane to K + and chloride ions causing hyperpolari- 
zation of the membrane and inhibitory post synaptic potential. 

If the synaptic potentials are great enough to produce 
sufficiently strong local currents, a spike is generated in the 
appropriate region of post synaptic neuron. 

4. DESTRUC TION OF THE NEURO T RANSMITTER SUBS TANCE. The 
neurotransmitter substance is destroyed quickly so that normal 

, subsynaptic resting potentials are restored and the neuron may 
; ^snord again to a new stimulus, 

CHEMICAL NATURE OF. TRANSMITTER .SUBSTANCES. Acetylcholine 
tas been considered to be the transmitter substances of the 
(1) cholinergic effector organs, (2) postganglionic autonomic 
n?rve endings (3) preganglionic sympathetic nerve endings, 
at some sites of the CNS, (5) neuromuscular junction. 

NATURE OF TRANSMISSION IN THE C NS 

| SL QL I NERG IC TRANSMISSION, Role of acetylcholine (ACh) in 

transmission of nerve impulse in the cholinoceptive synapses 
3 t the neuromuscular junction, autonomic ganglia, etc., is well 
W.vn (Fig, 1 o) , The presence of ACh in the CNS has been known 
lQr last four decades. Being "distributed non-homogeneously it 
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performs a specific function in some region but not in all 
regions. Little ACh is present in the dorsal root, the optic 
nerves, and the crebellum. Brain stem, thalamic nuclei anl 
cerebral cortex contain moderate amount, but caudate nucleus 
and the retina contain very large amount. Nature of distribute 
of true acetylcholinesterase (AChE) is roughly parallel to that 
of ACh. Studies with the multiple barrelled micropipette it is 
observed that transmission in the recurrent axon synapses upon 
Renshaw cells is cholinergic in nature and it resembles those 
in neuromuscular junction and in postganglionic cells in the 
autonomic ganglia. With studies in central neurones, it is 
observed that 10% of cortical neurones are activated by 
cholinergic synapses. Pseudocholinesterase is also present in 
various parts of the CNS. 

Norepinephrine is the 

major transmitter agent in the postganglionic sympathetic 
neurones. Its presence in the ganglia can -be demonstrated by 
bistofluorescent methods. 

The presence of adrenergic substances in the extracts of 
the mammalian brain and also its regional distribution in the 
brain have been described as early as 195^ and indicated that 
adrenergic transmission is possible. Whole brain concentrations 
of catecholamines are about 0,1 to 0.5 pgm per gm. Midbrain, 
pons, medulla, cerebral cortex, hippocampus, cerebellum and 
spinal cord contain catecholamines in lower concentration. In 
the hypothalamus, olfactory bulb, retina, median eminenca, 
limbic system, large amounts of amines are present. In the 
spinal cord, there is a system of descending adrenergic fibres 
which terminate about neurones of the intermediolateral horn. 
Central adrenergic systems have also been mapped out by following 
the technique of fluorescent. 

flfechanisms of synthesis, storage, inactivation and removal 
of norepinephrine are present in the CNS and are in general 
similar to those in peripheral adrenergically innervated tissues, 
As catecholamines cannot cross the blood^brain barrier, the 
enzymes and precursors required for ttorepirephrira synthesis are 
present in the brain, 

DOPAMINE , the immediate precursor of norepinephrine is 
suspected to act as transmitter agent in certain motor function oi 
the CNS. 



PLANT GROWTH HORMONES 

- 

D r . R.Misra 
Lecturer in Bd&ny 

A plant hormone is an organic compound synthesized 
in one part of a plant and translocated to another part 
where, in pvery low concentration, it causes a physio- 
logical response# The response in the target organ is not 
necessarily promotive; there -are plant hormones that are 
seen to have inhibitory effects on physiological processes 
like growth and differentiation. Basing on their action 
two types of plant growth hormones have been recogniseds 
growth promoters and g rowth. _lnhi b it ora « Inorganic ions e.g. 
K or Ca which have well known growth responses are not 
growth hormones . Neither are synthetic organic compounds 
like 2,4 - D considered as hormones - such synthetic 
organic compounds with hormone like effect are known as 
plant arnwth regu la tor s. A hormone must essentially be 
synthesized and translocated within the plant. Hormones are 
also required in very minute doses usually concentrations 
of /jM or less. There are still only f ive groups of 
well accepted hormones. They include Auxpin, gibberellins, 
cytokinins, obscisic acid and ethylene. 

THE AUXINS 

% 

The term auxin (GK Auxein * to grow) was first used 
by Frits Went when he observed thd curvature of oat 
t&yrena sativa ) coleoptiles toward©' light. This curvature 
phenomenon, called phototrapism, was explained to be 
the result of a substance present in the coleoptile tip. 

The substance which was named as * auxin* could diffuse 
from cut tips to agar bloqk© when placed below* The agar 
block could new replace the effect of the coleoptlls tip 
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Went # s auxin was later identified as indole -3. 
acetic' acid (IAA, Fig*2) SubseqiB ntly the word 'auxin' 
was used as a generic name to describe all compound 
having effects similar to IAA . 4 -ch loro- indole acetic acid 
(4-chloro IAA) and Phenyl acetic acid (PAA) are auxins 
widespread among plants. Similar compounds like riaphtha- 
neacetic acid (NAA), undole berlhrie acid (IBA) # 

2,4 - dichloro phenixy cocetic ac;Ld (Fig. 2) synthesised 
and having physiological responses common to IAA are also 
considered to be auxins, but as mentioned above theye arc 
not growth hormones but classified as plaomt growth 
regulators • 

IAA, one of the common naturally occur ing auxin 
is synthesised in young tissues such as shoot meristemr 
and growing leaves. It is synthesised from the amino acid 
trypto-phan and is transported in a basipetal direction 
normally via parenchyrtaO-. 

Physiological Effects of Auxins a 

According to the vast array of literature 
available regarding auxin , the effect of auxins is 
stimulatory in some cases and inhibitory in other* 

Some of the important function are discussed below. 

1 ■ .p 

a) Cell elongations Auxins i-**daae«-*cell elongate 
by in tiving cells especially in the young cells* 

b) Phototropisms The differential growth of 

shoot tips which causes phototropic moverte nt of ^h® 
shoot is becaqse of unequal distribution of auxins i n 
illuminated and non illuminated side which is 
accomplished by light-reduced inactivation of auxin or 
transport of auxins from illuminated to the no'n-i lluinl “ S 
side. i 



c) Geotropisms If an intact seedling is placed 
in a horizortal position, it will respond to the earths 
gravitational field with a particular pattern of growth. 

The positively geotropic movement of the root and negatively 
geotropic movement of the shoot is explained by the 
transport of auxins away from the gravity in the roots 
and towards gravity in stems. 

d) Root initiations Application of auxins to cuts 
ends of stems initiates the differentiation of adventiotts 
roots in cuttings - Auxins are 'also used dm tissue -culture 
mediator differentiation of the callup, 

a) Parthenocarpy® Exogenous manipulation of auxins induces 
parthenocarpic development of fruits. 

b) Abscissions The presence of auxins prevents the 
formation of abscission layers in fruits, and leaves. 

gibberellins 

The gibberellins are another class of compounds whose 

1 \ 

minute quantities profoundly stimulate the growth of many 
plants, 

PISCO VERY 

The gibberellins were discovered in an interesting 

1 1 

a nd incidental way« In early part of the twentieth century, 
Japanese farmers noted that some plants in rice fields 
were taller, thinner and paler than the normal plants and 
were sometimes devoid of fruits too. They named this disease 
as ‘ ? b Q kanae fi , meaning foolish seedlings. Sawada (1912) 
suggested that the disease is due tp a 1 substance* secreted 
by a P ar asitic fungus, Fusarjum moniliform e (syn, Gibb erella 
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fujikuroi) infecting the diseased, plants. This suggestion va5 
experimentally supported by Kurosawa (1926) who demonstrated 
that sterile filtrates pf the fungus could initiate symptoms 
of bakanae disease in healthy rice seedlings. Later in 193^ 
Yabuta and Hayashi isolated this growth promoting substance in 
crystalline form and named it as gibberellin A, which has nov 
been shown as a mixture of many growth promoters collectively 
known as gibberellins. 

Since that time, gibberellins and allied substances 
have been found’ in higher plants also by Mitchell et al. (1951), 
^est and Phinney (1957) and Sumiki and Kawarada (1961). 
DEFINITION 

A gibberellin (abbreviated as C-A) may be defined as a 
compound which is active in gibberellin bioassays and possess- 
es a gibbane ring skeleton (refer Ko) . There are, 

however, other compounds (like kaurene) which are active in 
some of the assays but do not possess a gibbane ring. Such 
compounds have been called gibbers 11 in -like rather than 
gibberellins. 

ISOLATION T DIST RIBUTION. AND .BIO ASSAY 

About 29 gibberellins have been isolated "so far a &d 
their chemical structures known. These have been named as 
gibber 3 11 in A 1 (OA 1 ) , gibberellin A 2 (GA 2 ) and so on up to 
gibberellin Agg (GA2g). Of these Cross et al (1961) have 

isolated 6 gibberellins from the fungus. Fusarlum m onl liforng 
and designated them as GA 1 , GA 2 , GA 3 , GA4, GAy and GA9. The 
same year, MacMillan et al isolated 3 gibberellins from bean 

ses-ds and named them as GA 5 , GAg and GAq. The GA 10 and GA 13 
have been discovered by Mulbolland (1963), All these compoun- 
ds are sometimes referred .to as constituting the gibberellin 
A series. 
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Although the gibberellins wer originally isolated 
from a fungus , 1 but now they have been shown to be present in' 
almost all the groups of plant kingdom. For example, GA^ and 
GA5 have been isolated from immature seeds of P hase plu s 
vulgaris by Vest and Phinhey (1959). Although all the organs of 
-he flowering plants contain gibberellins, but the highest 
level has been detected in seeds. Young leaves and roots are 
also rich in them. It may, thus, be generalized that rapidly 
{rrowing and developing regions of the plant possess higher 
concentrations of gibberellins. 

The gibberellins can exist in more than one form 
within the plant, Hashimoto and Rappaport (1966) suggested 
that the esterified forms of gibberellins (i.e., neutral 
gibberellins') act as reservoir of active gibberellins. The 
active acidic form may be drawn from the neutral form as and 
when needed. In addition, bound forms of gibberellins also 
exist (mrComb, 1961), 

Many angiospermous plants have now been used as 
bioassay for gibberellins and gibberellin-likc substances. 

A few of them are Avena sjativa (lead section), Pisum sativum 
(intact seedling), Triticum vulgare (excised Coleoptile) and 
^udbeckia bicola (rosetted plants). 

CHEMISTRY 

The chemical structure of the gibberellins was 
established by Cross et al in I96I, They showed that the 
gibberellins (Fig. 'j) are a group of closely related 
Co ®pounds and possess a common feature, the gibbane ring 
s^leton. The gibbane ring consists of a carbon skeleton with 
brings, designated as A, B, C and D. They are hence described 
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as tetracarbocyclic compounds. Of the 29 gibberellins, ig ^ 

C compounds and the other 10 have 20 carbon atoms each. 
Eighteen gibberellins are monocarboxylic, 7 are dicarboxylic 
and k are tricarboxylic acids . The various gibberellins 
d if fere from each other in the number and position of the 
functional groups present in the molecule. In gibberellin 
, the functional groups arc a carboxyl, one ethylenic double 
bond, two alcoholic hydroxyl groups (one secondary and the 
other tertiary), a saturated lactone and one methyl group, 
Gibberellin A 3 differs from GA^ in the presence of one more 
ethylenic double bond in the ring- A. It is, thus, more 
unsaturated than GA , 

The gibberellin and gibberellin A^ fcoth have 
structures similar to that of GA^ except for the difference 
in position of the tertiary hydroxyl group and the absence of 
a double bond in GA<> and in the absence of tertiary hydroxyl 
group in GA^* The gibberellin A 5 is, in fact, a dehydrogihher- 
ellin A^ where the secondary hydroxyl -group is eliminated from 
ring A, making the compound more unsaturated , 

Gibberellin A 3 has been usually shown to be biolo- 
gically most active followed by GA^ , GA 4 and GA 2 in descending 
order of their activity. 

GAj > GA 1 > GA 4 > GA 2 
PHYSIOLOGICAL RQLS5 

Gibberellins may be regarded as natural phytohor- 
mones on account of their wide range of distribution in pl ants 
and specificity of response of individual flowering plants 
to the exogenously applied gibberellins. The gibberellins, 
however, play important roles in the following processes : 
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1. GENETIC D^ARFIgy, In certain plants, dwarfism is 
caused by the mutation of a single gene. Such individuals are 
called r single gene dwarfs*. In these plants, dwarfism . is 'due 
to shortening of internodes rather than a decrease in the 
number of intemodes. Application of gibberellins on such 
dwarfs causes them to elongate so much as to become indistin- 
guishable from the tall normal plants. Elongation of the stem, 
in fact, takes place due to an elongation in the internodes 
rathern than an increase in the number of internodes. Thus, 
genetic dwarfism has been successfully overcome by gibberellin 
^ treatment in many single gene dwarf mutants like Pi sum sati- 
vum, Vicia faba and Phase plus multiflorus (Brian and Hemming, 
1955). 

Two views have been put forward regarding the 
mechanism of control of dwarfism by gibberellins. 

(a) It is due to the lack of endogenous gibberellins 
in dwarf plants or if at all present, they are in 
traces as to have no effect. 

(b) A natural*' inhibitor is present in those plants , 
which retard growth. And the gibberellin, when 
applied, nullifies the effect of this inhibitor. 

2. BOLTI NG AND FLO WERING . ♦Rosette plants 1 are 
characterized by their profuse leaf development and retarded 
internodal growth. But prior to the reproductive phase, 
their occurs striking elongation in the internode so that the 
Plant attains 5 to 6 times the original height. Treatment of 
these 'rosette 1 plants with gibberellins, under conditions 
‘■hat would normally maintain the rosette form, induees them 
to bolting (or shoot elongation) and flowering '(Lang, 1957). 

By Elating the y .amount of gibberellin applied, it is also 
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possible to separate ahoot elongation from flowering; with 
low dosages of gibberellins, the plant will bolt but not 
flower (Phinney and west, 1961). 

It is, therefore, not amazing to find a direct 
correlation between the amount of gibberellin present and the 
habit of the plant, whether rosetted or bolted. Native glbbere- 
llin-lite substances are found in higher concentrations in 
the bolted forms than in the nonbolted ones. This has been 
experimentally demonstrated in quite a few plants including 
the biennial Hyoscyamus niger by Lahg (1957) and the cold- 
requiring' plant Chrysanthemum morlfoliuro and a long-day plant 
Rudbeckia speciosa by Harada and Nitsh (1959). 

is far as the use of gibberellins in agriculture is 
concerned, if may be possible to grow cold -requiring plants in 
warm countries and long -day plants in short-day conditions at 
lower altitudes. 

3. LIUHt-INDUCBD I NHIB ITION OF STEM GROWTH. Light-grown 
plants reveal suppressed stem growth than the dark-grown (or 
etiolated) plants, indicating that light has an inhibitory 
effect on stem elongation. But this inhibitory effect of light 
on dyrm rlongation can be reversed at least in some plants 
(like Pisum sativum) by the application of gibberellins on 
these plants. This clearly suggests that endogenous gibberellin 
is th a limiting factor in stem elongation. 

Lockhart (I96I) has given a possible explanation for 
it. According to him, exposure to light lowers the level of 
available gibberellins present in the plant. The lowered 
available gibberellin contents then, in turn, decrease the 
plasticity of cell walls, thus inhibiting stem growth. The 
theory has, however, not won the universal’ support on account 
of th® t following drawbacks s ^ 
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(a) Stpra elongation is also induced in mustard 
seedlings, grown in dark, upon application of 
gibberellin. 

(b) In some plants, gibberellin-stimulated stem growth 
has been found to be partially due to enhanced cell 
division and has nothing to do with cell wal 
plasticity. 

(c) Germination of the seeds of Lactuca sativa is 
not only promoted by gibberellins but by red 
li?ht too, 

4, PARTHBN OC ARPY , Like auxins, the gibberellins are 

also capable of inducing parthenocarpic fruit-set, Gibberellins 
are, in fact, more efficient than the auxins in inducing 
parthenocarpy. For example, Wittier and Bukovac (1957) have 
found gibberellin to be about 500 times more effective than 
IAA in inducing parthenocarpy in tomatoes. Moreover, there , 
are cases where auxins have failed to induce parthenocarpy 
while gibberellins are effective, as shown experimentally for 
apples (Davison, I960) and ston£ fruits (Qane et al. i960). 

Gibbe re 11 in-induced parthenocarpy has been reported in 
many plants such as Cucum is s'ativus (cucumber), So lan u rn 
melongena (brinjal) and Zephyr an the s sp. h/hether the production 
of parthenocarpic fruits is a direct action of gibberellins or 
an interaction with the natural auxins of the plant has not 
been conclusively proved. 

BREAKING DORMANCY OF SEEDS. The light-sensitive seeds ■ 
(lettuce, tobacco) show poor germination in dark and on 
exposure to light their germination starts vigorously. But 
when these seeds are treated with GA3, the light requirement 
is alleviated and they germinate in dark. 
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6. ^Agmo^Dom/^CY OF BUDS, In temperate areas, the 
buds produced in winter remain dormant until the next spring 
due to very low temperature. The dormancy in such cases is 
overcome by gibberellin treatment. Thus, GAj treatment to 
birch buds has replaced the light requirement for breaking 
dormancy (Eagles and Uareing, 1964). Gibberellins are also 
capable of breaking dormancy in potato tubers. 

7. ROUS IN ABSCISSION. GA treatments have shown 
accelerated rate of abscission in explants of bean (Chatterjee 
and Leopold-, 1964) and of Coleus (Gupta and Kaushik, 1969), 

8. v STIMULA TION 1 OF MIMLA^TIVITY IN CEREAL END OSPERM , 

Yomo (i960) and Paleg (i960) working independently 
showed that the' 1 gibberellins applied exogenously could 
stimulate amylase activity in isolated barley endosperm. It 
was then shown that it is the aleurone layer of the endosperm 
which -sensitive to the gibberellin. Subsequent researches by 
Paleg (1964) and Varner (I964) revealed that GA treatment of 
isolated aleurone can cause release of the enzymes,, amylase 
and proteinase'. Finally, Jacobson and Varner (1967) showed 
that the' two enzymes (amylase and proteinase) induced by GA 
treatment arise through de novo synthesis. These enzymes 
participate in the breakdown of the stored starch to simple 
sugars. These sugars are then translocated, to the growing 
embryo where they provide energy for'growth. 

9* S B3M5 X PRE SSION . Gibberellins are also capable of 

altering the sox of the flowers, Galun (1959) could induce 
maleness by foliar application of GA3 to the female flowers 
of Cucumis, Also, the anther id ia have been induced to develop 
in m any fern gametop hytes by, GA^ treatment, ^ 

* A Latin Phrase, meaning .anew. „ , . p ah 
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RELATIONSHIP BET ’WB EN aux in s . and . gibe erellin s 

Auxins and gibberellins are similar to each other 
in that both promote cell elongation, flowering and partheno- 
carpy. These, however, differ from each othar in many of the 
physiological activities. These differences are listed in 
Table 22,2. 

\ ' 

Accumulated evidences indicate that auxins and 
gibberellins act both independently and together', depending 
upon the type of plant and the conditions under which the 
plant grows. The fact whether the auxins and the gibberellins 
interact or not is not conclusively proved. 

CYTOKININS 

DISCOVERY AND NOMENCLATURE 

Auxins and gibberellins, besides inducing cell 
elongation , also do promote cell division under certain 
conditions. But this behaviour of them is an exception rather 
than & rule, However, there exist in plants many substances 
inducing cell division. For example, Van Overbeek at al (1941) 
found coconut milk as an active stimulant of cell division. 
Later, in 1955 Miller et al isolated a !, cell-division- 
stimulating factor" from yeast DNA. It was named as kinetin 
because of its amazing power 'to stimulate cell division 
(cytokinesis) in the presence of an auxin. In subsequent years, 
rosny other compounds promoting cell division have been syn- 
thesized. Miller and his associates (1956) have grouped all 
such compounds including kinetin under a generic name kinin. 
b-thatn (1963) proposed the term cytpkinins for such substances, 

Ihis term is the most . acceptable one-. 

Fairley and Kilgour (1966), however, prefer to use 

the term ■phytokinins 1 for such substances in order to 
iatinguigh them' from the peptide hormones of animal 
6aatrointestinal tract. Contd. . .P/1 2. 
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DEFINITION ' ' 1 ' ’■■■'• 

> Sko'og , Strong i and Miller 1 ’(1965) have -defines cytokin, 
ins as .chemicals j which, regardless of their activities, 
promote cytokinesis' (cell division) in- cells of various plant 
organs. 

Fox ( 1969 ) has defined cytokinins as chemicals 
composed of on^' hydrophilic .adenine group of- high specificity 
and .one -lipophilic group without specificity. 

OCCURRENCE 

» r « 

Although kinetin does not occur in nature but other 

1 ,1 * • 

kinins are found occurring widely in plants. The naturally- 
occurring kinins do not occult free /in nature but are normally 
bound to a pentose sugar, ribose and some time a to ap inorganic 
phosphate, the ribonucleotide. 

Fruits and endosperm are the richest sources of kinins, 
Coconut milk and corn endosperm possess the active substance, 
Substances with cytokinin activity have also been reported in 
tomato juice, in floral extracts of apples and pears and also, 
in cambial tissues of certain plants, A kinetin-kike substance 
is also present in peach embryo (Powell and Pratt, 1964) and 

1 " 

sunflower root exudate (Kende, 1964), 

The cytokinins are synthesized mostly in roots and 
probably originate at the root tips. Whether the shoots also 
synthesize cytokinins or else receive their cytokinin 

1 1 1 - ■ H . , , * 1 1 

requirement from the roots is not certain. 

CHEMISTRY 

— t r-M > ‘ 

Chemically, kinetin (C 10 HgON 5 ) is 6-furfurylaraino- 
purine. It is formed from deoxyaderjosine which is a 
degradation product of DNA (Hall and de Ropp, - 1955) . "f he 
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structural formulae of kinetin and its 3 structural 
analogues are given in Fig. , All these substances promote 
cell division. 

Apart from the above-mentioned kinins, Letham (1963) 
successfully isolated a cytokinin in pur crystalline form 
immature maize seeds. It was named as zeatin (Fig, 22.14) and 
identified as 6-( 4-hydroxy 3-methylbut-trans-2-enyl) 
aminopurine. Zeatin is more powerful than any other known 
cytokinin probably because of the presence of a highly reactive 
allyllc OH group in its side chain. 

Fie issuer and Borek (1962) have described compounds 
such as N^-methylamino, purine and N*?, N^-dimethylamino purine. 

These are widespread in plants and have cell division 

1 

stimulating property. Recently, a cytokinin called N -purine 
has been isolated from serine-transfer-RNA of yeast, cells by 
Hall and others in 1966, 

PHYSIOLOGICAL ROLES 

Certain physiological process which are influenced 
by the cytokinins esp. , kinetin are given below? 

C3LL DIVISION . Kinins are notable for their stimu- 
latory effect on cell division. Using tobacco pith cultures 
Skoog and Miller (1957) found that, in addition to IAA, kine- 
tin is also needed for growth. The growth response is much 
more pronounced when both IAA and kinetin are used together 
^ night ratio of concentrations. When either of them is used 
alone, a little response is produced which is due to the 
Presence 0 f small amounts of ' endogenous kinet in-1 ike 
substance s and IAA, already present in the tissues. 

The process of cell division completes in 3 steps, 

DNA synthesis, mitosis and cytokinesis. Studying the 
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specific influence of IAA and kinetin alone on any of these 
3 steps, Patau, Das and Skoog (1957) found'that IAA is 
involved in the first two steps of cell division (i.e,, in 
DNA synthesis and mitosis) and that the last step (i.e., 
cytokinesis) is controlled by kinetin. It has been suggested 
that the .adenine ,rnoiety of the kinetin molecule is essential 
for cell division. 

2. CELL ELONGATION. Besides auxins and gibberellins, 
kinetin also promotes cell elongation. Such promotion after 
kinetin treatment, has been observed in tobacco pith cultures 
(Glasziou, 1957), tobacco roots (Arora et al, 1959) and bean 
leaf tissues (Powpll and Griffith, i960). Since cell 
elongation induced by kinetin has been well established , the 
kinetin should not be regarded as exclusively a cell division 
factor. 

3- ROOT GROWTH , Kinetin is capable of stimulating as 

well as inhibiting root development. Skoog and Miller (1957) 
found stimulatory effect of kinetin, when applied along with 
IAA, on root initiation and development in stem callus' 
cultures. Similarly, kjj^etins also induced increase' in dry 
weight and elongation of the roots of lupin seedlings (Fries, 
I960). 

SHOOT GROWTH . The callus tissue of tobacco can be 
kept in an undifferentiated state so long as the proper 
balance of IAA and kinetin is maintained. If, however, the 
amount of kinetin is increased, leafy shoots are initiated 
to develop. Bean seedlings, soaked in kinetin solution, also 
showed an increase in dry weight and a marked Elongation of 
stem and petioles (Miller, 1 9 36). ' ■ *. ■ 

Contd. . ,P/15. 



5, MORPHOG ENESIS. Cytokinins can cause the formation 
of organs in a variety of tissue cultures. For instance, 

Skoog and Miller (1957) observed that tobacco pith callus 
can be made to develop either buds or roots by changing the 
relative concentrations of kinetins and auxins. High kinetin 
and low auxin contents result in the production of buds. In 
reverse condition (high auxin and low kinetin), however, the 
roots appear on the pith. 

The kinins also stimulate the production of buds in 
leaf segments of various plants such as Saintpaulia innantha, 
Bryopbyllum sp and Begonia sp f 

In addition to the root and shoot differentiation, 
the cytokinins also bring about other morphogenetic responses. 
The se are ; 

(a) maturation of proplastids into plastids 

(b) differentiation of tracheids 

(c) induction of parthenocarpy 

(d) induction of flowering 

COUNTERACTION OF APICAL DOMINANCE . As discussed 
earlier (refer page 490), the auxins emanating from the apical 
bud inhibit the growth of lateral buds (apical dominance), 
fickson and Thimann (1958) studied the antagonistic effect of 
auxin and kinetin in apical dominance using pea stem sections 
in culture solutions. They found, as might be normally 
ex pected , that the growth of lateral buds is inhibited when 
the culture medium contain IAA and is uninhibited 

vhen the culture teedium does not contain IAA. They further 
noted that addition of kinetin, along with IAA, stimulates 
the growth of lateral buds. 
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The above workers also conducted experiments with 
entire shoots, i.e, , with the apcial bud intact. So long ag 
the apical bud is present, the' lateral buds do not develop 
but removal of the apical bud leads to the stimulation of 
growth of the lateral buds* If, however, the intact shoot is 
soaked in kinetin solution, the inhibition of lateral buds 
is checked to a great extent or in other words the lateral 
buds tend to develop, Although less vigorously, as if the 
apex of the shoot has bean cut off* The above findings point 
out towards the possibility of controlling apical dominance 
by maintaining a proper balance of concentrations between IAA 
and the endogenous kinetin-like substances* 

?. BREAKING DORMANCY OF SEEDS. Cytokinins are also 

effective in breaking seed dormancy in lettuce, tobacco, white 
clover and carpet grass. Thiraann (19 63 ) suggests that the 
sit° of cytokinin action in such cases is the cotyledon. 
Furthermore, the inhibitory effect ,of infra-red light on 
germination of lettuce seeds is also alleviated by kinetin 
treatment. 

The seeds of parasites such a Striga asiatica require 
the presence of host plant for germination. But whan treated 
with kinetin, the seeds germinate even in the absence of 
their host. 

8 * BBjajB£Jg£a^ (- Richmon d-Lang effect). 

The term senescence refers to the ageing of the leaves 
which is associated with the loss of chlorophyll and the 
breakdown of proteins. Richmond and Lang (1957)-, showed that 
the senescence in the detached leaves of Xanthium could be 
postponed for many days by kinetin treatment. This effect 
pf kinetin in retarding senescence (or ageing) is known as 

Contd.. ,P/l7* 
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Richmond-Lang effect. According to Mothes and Engelbracht 
(ig61), the cytokinins have the ability to attract certain 
substances including auxins and to prevent the movement of 
leaf components out of the treated area* However, the mobi- 
lizing effect of cytokinin may actually induce senescence in 
other parts of the plant. Osborne (1962) suggests that the 
hgh protein content in kinetin treated areas is probably-due 
to enhanced protein synthesis than their breakdown. The protein 
synthesis, in its turn, is dependent on RNA synthesis, a 
process governed by kinetins. 

A correlation between the age of the leaf and the 
kinetins has been established. Mature leaves of tobacco 
respond more vigorously to kinetin treatment in delaying 
senescence than the young leaves. 

9. ROLE IN ABSCISSI ON. Cytokinins can accelerate as well 
as retard the process of abscission in leaf petioles depending 
on the site of their application (Osborne and Moss, 1963). In 
explant petioles of Coleus blumei, Gupta and Kaushik (1969) 
reported accelerated abscission on kinetin application. 

OTHER NATURAL GROWTH 
HORMONES IN PLANTS 


' ETHYLE NE 

Although the presence of ethylene has been shown in 

certain fungi (Fenicillium digitatum, Alternaria citri) and 

ih the leaves, flowers and fruits of many higher plants since 

long » its recognition as a natural plant growth hormone has 

only recently been confirmed by Pratt and Goeschl in' 19^9. 

Ethylene also occurs in minute quantities in city gas and in 

gases of blast furnaces. It is a gas of peculiar odour 

is sparingly soluble in water but a little more in 

e *hanol and ether,. It is inflammable and hence the ignition 

Contd, „,F/18. 
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of a mixture of ethylene with air leads to explosion, 

2 . ABSCISIC ACID 

The structure of Abscisic acid is given in Fig. 
Eagles and Wareing (I963) isolated an inhibitor from the 
birch leaves held under short day conditions. V/hen this 
substance was reapplied to the leaves of birch seedlings, 
apical growth was completely arrested. As this substance 
induced dormancy, they named it as dortnin. Later in 1965, 
Ohkuma et al isolated an inhibitor from cotton fruits and 
named it abscisin II, The same year, Cornforth and his 
associates isolated a growth inhibitor from sycamore and 
pointed out that both dormin and abscisin II are identical, 
Abscisin II is peculiar in that it is effective in much lower 
concentration than phenolic inhibitors and is accumulated 
under short day conditions. 

Since its isolation and characterization, abscisin II 
has been found to perform a number of physiological functions: 

1. It accelerates abscission and senescence in 
many plants such as cotton. 

2. It inhibits seed germination in ash and lettuce. 

3. It inhibits flcwer induction in Lolium sp. 

4 ‘ It inhibits growth of IAA-induced oat 

coleoptiles. 

It inhibits GA-induced enzyme synthesis in 
barley aleurcne layers. 

6. It inhibits completely the sprouting of 
Potato buds. 
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introduction 

Fertilisation brings about some change in the egg 
.structure which undergoes cleavage* We come across diverse 
pattern bf cleavage in the eggs of different animals, depend' 
ing upon the amount of yolk it cohtains* Even in the three 
subdivisions of the class Mammalia we find there exist some 
difference in their mode of development. 

a) Subclass Prototherias Eggs have large amount of yolk, 
showing essentially reptilian pattern of development. 

E9« Ornitfeorhynchus Echidna 

b) Subclass Metatheria( the marsupials ) i The developing embryos 
receive nourishment from the mother in the uterus thbugh 
this adaptation is not so 1 well developed as in Eutheria. The 
yolk though present is ejected at the beginning of cleavage* 

With the disappearance of yolk, mammalian eggs have 
reverted to complete cleavage, but subsequent development bears 
ample evidence "of the former presence of yolk and in many 
respects the morphogenetic process resemble those in meroblastic 
eggs with a discoidal type of cleavage* . 

Cleavage 

1* Soon after fertilisation cleavage starle- 
ss Cleavage is complete, holoblastic blastomeres are more 

or less of equal size but the cleavage is not as regular 
as in oligolecithal eggs. 

3* The first cleavage is vertical and divides the blastomeres 
into two unequal bl.astomeres* 

4* Synchronization of the mitosis in the blastomeres is lost 
very early. 

Second cleavage is also vertical but at right angles to 
the first cleavage* One of the blastomeres divides into 
two resulting in the occurrence of 3 blastomeres* 

The third cleavage is horizontal* 

7* Subsequently five, six and seven blastomeres and so forth 
are formed* 

Overall spreed of the cleavage is much lower than in 

many other animals* Several hours elapse between successive 

divisions. 

formati on of morula 

y® As a result of cleavage a solid mass of cells, a 

morula, in which some cells (inner mass of cells) are 
large and lie inside completely out off from the surface 
by a enveloping cells, which ate smaller* 
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10. In due course the superficial cells join to form 
distinct epithelial layer. 

11 . This layer gives rise to parts(the embryonic 

and serves to ® 

a) attach the embryo to the uterine wall. 

b) mediates in the supply of nourishment to the 
embryo from the maternal body ^ia the placenta. 

12* The outer layer of the mammalian embryo is known a* 
the trophoblast- ! 

13. The cells lying., in the interior are known as inner' 
cell mass apd it is these cells that provide materia! 
for the formation of the embryo proper* They are 
therefore be referred to as the formative cells. 

14* The two kinds of cells are distinguishable rather 
early by certain physiological properties, which m) 
be shown by using specific staining methods* 

15. 'Cells of inner cell mass have been found(in the rat! 
to be more basophilic than trophoblastic cells, 
suggesting a higher content of cytoplasmic nucleic 
acids(Jones-Seaton,1950) and also been found to conn 
the enzyme alkaline phosphatase* which is lacking ir. 
trophoblastic cells (Dalaq, 19S4). 

Formation of blastocoel 

16* Soon a cavity appears inside the ro^^ct mass of cell 
of morula. The cavity is formed of crevicds which $ 
between the inner cell mass and o c<-ils of the 
trophoblast. 

17* Fluid is imbibed into this cavity, so it enlarges, 
whole embryo becomes bloated to the same degree. 

18. The trophoblast becomes lifted off the inner cello* 
on most of its inner surface, and it remains attach 
one side only, which corresponds later to the dorsals 
of the embryo* 

19* The mammalian embryo at this stage is called blastoci 

20. The cavity of blastocyst may be compared to the 

blastocoel,’ but the embryo as a whole differs esse^ 
from a bias tula, since its cells are already diner® 
ted into two types : 

a) the inner cell mass 

b) and the cells of the trophoblast 

21 - Role of trophoblast and inner m ass of cells 

There is experimental evidence that the properties^ 
inner cell mass and those of the tropholast are 3 
distinctly different at this stage* 

Three and a half day-old mouse embryos were cut in 
pieces, so that some pieces contained only inn K 
mass and other consisted of trophoblast cells ^ 
1972). It was found that chumps of inner mass o 
fused together in larger masses, while clumps Q 
trophoblast cells formed vesicles which did no 
to one another* 

22, When introduced into uteri of ps eu do pregnant 
inner cells mass did not react with the ute 
thus they did not become implanted and thus 
develop further* 
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On the otherhand, the vesicles formed from the 
trophoblast, when introduced into the uteri, esta- 
blished connection with the uterine wall ais in the 
development of normal embryos but later failed to 
proliferate* This experiment clearly reveals the 
roles of the two components of the early mammalian 
'embryos* 


the hypoblas t , 


24 * 


25 * 


26* 


27* Unfortunately, the method of local vital staining or 

marking cells could not as yet applied to study of the 
migration of cells, which give rise to hypoblast cells 
in mammals- , 

28* Thus, the conclusion must be .reached on the grounds of 

difference in the staining reactions' of the various cells* 

'"*• a) do not have basophilic stain 

b) negative reaction for alkaline phosphatase. 

' This suggest that hypoblast is derived from trophoblast* 


A layer of very flat cells appear on the interior 
surface of the inner cell mass, that is, on the surface 
facing the cavity. This layer of flat cells corresponds 
to the lower layer of cells of the chick blastoderm, the 
hypoblast* The cells represent the presumptive encoderm 


or at least a part of it* 


endodermal 


The origin of the hypoblast L cells is a subject 

of some controversy* The generally accepted view is that 
the endodermal cells are split off from the in,ner cell 

maSS ‘ endodermal 

There are indications, however, that the ^ ’ ells 

in some mammals such as the elephant shrewlVan der Hor.t, 
1942), or even in all mammals (Dalcq,T954) are derived 
from the c^ llc of the trophoblast- dome of these, near 
the e,dge of the inner cell mass, migrate inward along 
the internal surface of the inner cell mass and arrange 
themselves in a continuous layer, spreads out later to 
enclose the cavity or the yolk sac. 


29* The trophoblast corresponds in position to the chorion 
of the taller embryos of reptilese birds but there is a 
difference that chrion develops in conjunction with 
amriion. 

30* The inner cell mass then spreads out and becomes 
arranged into a plate, resembling the epiblast of 
the blastodisc of reptiles and birds* 

31 * The arrangement of t tie formative cells in the mamamlian 
blastocyst is at this stage similar to that in the avian 
blastodisc prior to the apperance of primitive streak 
but under the blastodisc of there is a fluid filled 

cavity. , mammal 

32* In some mammals where the .development is primitive 

(rabbit) the layer of trophoblast, ftaubers layer, over 
the epiblast becomes temporarily superficial* 

33. in higher mammals this layer never disappears and the 
formative cells are never' exposed to the exterior- 

34* The blastodisc consisting of epiblast and a hypoblast, 
becomes quite sharply delimited from the remainder of 
the embryo. 
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35. Epiblast ; Consists of a thick plate of columnar cell, 
clearly distinguishable from the flatter and more 
irregularly arranged cells of the trophoblast. 

Hvooblast ; Cells on the underside of the blastodisc 
may become cuboidal or even. columnar and differ fr® 
extra embryonic endodemiining the internal surface ofl 
the trophoblast. At the edge of the blastodisc. This 
thickening is the prechordal plate which forms the J 
of the archenteron and it denotes the anterior end of 
the embryo * 1 

Gastrulation 

36. A primitive streak is formed and a Hensen's node is 
seen at the anterior end of the primitive streak. 

37. Primtive streak is shorter than birds and do not sutps 

half the length of the blastodisc, being confined to i 
posterior part. i 

Formation of ' Endoderm ‘ 1 

38. The cells of the primitive streak migrate downward 
sideways between the epiblast and the hypoblast and la 
contribute to the formation of the endoderm k(!‘ , i 
and Streeter, 1941 ) • 

Formation of mesoderm 

39* The loose cells migrating sideways give rise to the la 
of mesoderm. 

Formation of notochordal rudiment 

The cells migrating forward from Hensen's node remain 
packed more closely and give rise to the "head process 
the notochordal rudiment. 

Archenteric canal 

The notochordal IfisdM rudiment in some mmals (includini 
man) is perforated by a canal starting from Hensen s 
node known as archenteric canal* 

In other mmals, either there is no archenteric canal 1 
the canal, though present in the notochordal rudiment 
does not open to the surface at Hensen's node. 

where an archenteric canal is present, its ventral™ 
fuses later with the hypoblast and is then perform 
the archentenc cavity opens into the yolk sac cavif 

Subsequently, the notochord separates itself fr°® t !* 
endoderm, and the endoderm closes underneath the no 
chord, forming again a continuous layer* 
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The modern/ synthetic theory of evolution 
recognizes four basic types of processes? GENE MUTATION, 
CHANGES IN CHROMOSOME STRUCTURE AND NUMBER/ GENETIC 
RECOMBINATION/ and NATURAL SELECTION* Thefirst three 
provide the genetic variability without which ch a nge 
cannot take place; natural selection guides populations 
of organisms into adaptive channels (Figure 1.1.). 

In addition# three accessory processes affect the working 
of these f our basic processes. MIGRATION of individuals 
from one population to another/ as well as HYBRIDIZATION 
betvjeen races or closely related species both increase 
the amount of genetic variability available to a popu- 
lation. The effects of CHANCE/ acting on small popula- 
tions, may alter the way in which natural selection 
guides the course of evolution. The purpose of the present 
book is to review our knowledge of each of these 
processes/ and to show how they are interrelated with 
each other* The more we know about the four basic 
Processes, the less reason we have for believthg, that 
any other basic processes remain to be discovered. We 
do not need to search any more for hidden causes of 
evolution. Nevertheless, we do need to understand 
niuch more about t^e way in which known processes 
interact with each other* 

At the outset we must recognize that at least 
in higher opg^nipms, and perhaps in microorganisms 
as we H* the three processes, mutation, genetic 
r eeombi n ation, and natural selection, are equally 
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indispensable for evolutionary change to take place, 
Speculations as to which of the three is the most 
important are completely pointless. The best way to 
understand their interrelationships Is to recognige 
that all populations of sexually reproducing organisms 
contain a large "gene pool" of gentle variability. 

Like a natural pool of water# the gene pool maintatiis 
a dynamic equilibrium between inflow and outflow of 
genes# and may become larger or smaller# depending upon 
various external and internal factors* Genes may be 
added to the pool (l)by immigration from other gene 
pools# which requires crossing or hybridization between 
immigrants and old residents of the population; or 
(2) by mutation# followed by spread of the mutant allele 
through the population • Genes are removed from the 
pool chiefly by (1) natural selection# which constantly 
cleanses the pool of unfavourable mutations and builds 
up adaptive complexes of genes, and (2) chance elimina- 
tion of alleles, which takes place in small populations 
or during reductions of population size. G e netic 
recombination# following the principles of Mendelian 
heredity# is constantly reshuffling the genes in the 
pool# presenting new combinations for acceptance or 
rejection by natural selection. Its importance lies in 
the fact that adaptiveness of an individual rarely 
if ever depends upon the independent action of individual 
genes or gene mutations • Due to constant interaction 
between genes at different loci# or EFJSTASIS# .the 
adaptive value of mo 5 t genes that are retailed in 
populations depends upon their ability to form 
favourable combinations with^ oth ep genes 1 * • 



Natural selection/ which results from interactions 
between populations and their environment/ may either 
stabilize gene composition by eliminating most or 
all immigrants and mutants, or change it in various 
ways* Evolution takes place through alterations of 
the frequency of genes and gene combinations in the 
population, bright about by natural selection. 

Finally, reproductive isolation, which includes all the 
barriers to gene exchange bdween populations, has a 
canalizing effect. Sihce the richness and organizational 
complexity of the gene pool make possible several 
different responses to the same kind of environmental 
change, populations that are repro ductively isolated 
from each other are almost certain to evolve in different 
directions, while those that are not so isolated because 
of gene exchange, will evolve in the same direction. 
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The medium of evolution is the population, 
a geographically localized aggregation of members of a 
given species. The raw materials of the evolutionary 
process are the inheritable variations which appear 
among the individuals of aich a population. And the 
mechanism of evolution may be described as natural 
selection acting on the inheritable variations of a 
population. 

In a population, the members interbreed prefer- 
entially With one another and they also interbreed 
occasionally with members of neighbouring sister pop- 
ulations (see Chap. 8) . The result of the close sexual 
communication within a populati on is a free flow of 
genes. Hereditary material present in a part of a 
population m&y in time spread to the whole population, 
through the gene-pooling and gene-combining effect 
of sex. Therefore/ in the course of successive sexual 
generations, the total genetic content of a population 
may become shuffled and reshuffled thoroughly. We may 
3ay that a population possesses a given gene pool and 
that the interbreeding members of the population have 
free access to all components of that pool. Moreover, 
irvas much as sister populations are in occasional 
reproductive contact, the gene pool of one population 
Is connected also to the gene pools of sister populations. 

In way/ the total genetic content of an entire 
species continues to be A ■ 

31*1 Concept of a gene pool. In a species, genes flow 
w ^hin and between populations. The total gene content 
of the species thus represents a gene pool to which 



all members of the species have access. Genes normally 
cannot flow between the gene pools of two different 
species, shuffled about among the member organisms 
(Fig. 31.1) . 

Evolution operates via the gene pools of popu- 
lations. We already know from Chap. 30 how changes in 
genetic systems, hence inheritable variations, may arises 
by sexual recombination and by mutation. In .each 
generation, some individuals may appear exhibiting 
new trait variations, as a result of either recombina- 
tional or' mutational process (see, for example. Fig, 8,1), 
If these variant organisms survive and have offspring 
of their own, then their particular (mutational) 
genetic innovations will persist inthe gene pool of 
the population. In the course of successive generations, 
the genetic novelty may spread to many or all members 
of the population. 

Whether or not such spreading actually takes 
place depends on natural selection* This term is 
synonymous with differential reproduction. Either 
"natural sele ction" or "differential reproduction" 
means simply that some individuals of a population 
have more offspring than others. Clearly, those leaving 
more offspring will contribute a proportionately 
greater percentage of genes to the gene pool of the 
next generation than those leaving fewer offspring* 

If, therefore, differential reproduction continues in 
the same manner over many generations, the abundant 
reproducers will corxtribul e a progressively larger 
number of individuals to the whole population. 
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As a result/ their genes will become preponderant in 
the gene pool of the population (Fig. 31.2). 

Which individuals leave more offspring than 
others? Usually/ but by no mens necessarily, those 
that are best adapted to the environment. Being well 
adapted# such individuals on the whole are healtheir 
and better fed/ may find mates more readily/ and may 
care for their offspring appropriately. However/ cir- 
cumstances may on occasion be such that comparatively 
poorly adapted individuals have the most offspring. 
Instances of this are sometimes encountered in human 
populations, for example. In any event/ what counts 
most in evolution is not how well or how poorly an 
organism copes with its environment, but how many 
offspring it manages to leave. The more there are, the 
greater a role will the parental genes play in the 
total genetic content of the population. By and large, 
the well-adapted’ organism contributes most to the gene 
pool. 

Therefore, if an inheritable variation appears 
in an organism and if, through differential reproduction 
in successive generations, the progeny of that organism 
becomes numerically more and more abundant, then a 
given genetic novelty will spread rapidly throughout 
the population. As a result, a trait variation 
originating in one organism will have become a 
standard featuee of the population as a whole. 

This is the unit of evolutionary change. Many 
such unit changes must accumulate in a population 
before the organisms are sufficiently altered in ^ 
structure or function to be established as a new species. 
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All evolution operates through the basic process 
just descsribed. In brief, it consists of* 

1* appearance of inheritable variations by 
sexual recombination and mutation 

2. spreading of these variations through a 
population by differential reproduction in successive 
generations* 

In as much as inheritable variations originate 
at random, evolutionary innovations similarly appear 
at random. But in as much as the best reproducers 
are generally the best adapted, evolution as a whole 
is directed by adaptation and is oriented toward 
continued or improved adaptation. It is therefore 
not a random process. 

Note that, in this modern view of evolution, 
natural selection is fundamentally a creative force; 
for its important effect is to spread genetic novelty, 
hence new traits, through a population. It is also 
a peaceful force, involving reproduction, not "struggle 
for existence" or "survival of the fittest." Organisms 
actually struggle rather rarely. Indeed, animals try 
to avoid struggle and attempt to pursue life as incon- 
spicuously as possible, eating when f they can, 
reproducing when they can. And plants have never been 
seen to engage in struggles at all. Moreover, natural 
selection does not "eliminate the unfit". The "fit" 
may be the mightiest and grandest organism in the 
population, but it might happen to be sterile. And 
the "unfit" could be a sickly weakling, yet have 
numerous offspring. The point is that neither 
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"survival 1 ' nor "elimination" is actually at 'issue. 

The only issue of consequence here is comparative 
reproductive success. Indirectly, to be sure, health, 
fitness, and even actual physical struggles may affect 
the reproductive success of organisms. To that extent 
such factors can have evolutionary consequences. But 
what in Darwin's day was regarded as the whole of 
natural selection is now clearly recognized to have 
only a limited, indirect effect on evolution. The 
whole of natural selection, directly and indirectly, 
undoubtedly is differential reproduction* 

THE GENETIC BASIS 
The Hardy -Weinberg Law 

From the preeeding, we may conclude that evolution 
is characterised by a progressive change of gene fre- 
quencies. Thus, inthe course of successive generations, 
the proportion of some genes in the population 
increases and the proportion of others decreases. 

For example, a mutation mau at first be represented 
by a single gene, but if by natural selection this 
mutation spreads to more and more individuals, then 
its frequency, increases whereas the frequency of the 
original unmutated gene decreases. Clearrly, the rates 
with which gene frequencies change will be a measure 
of the speed of evolution. What determines such rates? 

Suppose we consider a large population in which 
two alleles, A and a, occur in certain frequencies. 

In su ch a population, three kinds of individuals 
will be found, namely, AA, ,Aa, and Let us assume 
that the numerical proportions happen to be 
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AA Aa- , aa * i 

36% 48% 16% 

Assuming further that the choice of sexual mates 
is entirely random, that all individuals produce 
roughly equal numbers of gametes, and that the genes 
A and a do not mutate, w e may then ask how th$ 
frequency of the genes A and a will change from one 
generation to the next. 

Since AA individuals make up 36 percent of th? 
total population, they will contribute approximately 
36 .percent of all the gametes formed in the population. 
These gametes will all contain one A gene. Similarly/ 
aa individuals will produce 16 percent, of all gametes 
in the population, and each will contain one a gene. 
The gametes of Aa individuals will be of two types, 

A and a, in equal numbers. Since their 1 total amounts 
to 48 pe cent, 24 percent will be A and 24 percent 
will be a. The overall gamete output of the population 
will therefore be 


parents 
36% AA 
48% A a 


gametes 
36% A 

fe 

24% A 
60% A 


parents 
16% aa 
48% Aa 


gametes 

16% a 

24% a 
40% a 


Fertilization now occurs in four possible ways? 
two A gametes join; two a gametes join; an A sperm join 
an a egg; and an a sperm joins an A egg. Each of these 
possibilities will occur with a frequency dictated by 
the relative abundance of the A and a gametes. There 
are 60 percent A gametes , Accordingly, A will join A 
in 60 percent of ,60 percent of the cases, that is. 
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60 X 60/ or 36 percent of the time. Similarly/ 

A sperms will join a eggs in 60 X 40/ or 24 pecent 


of the cases 

. The 

total results 


Sperms 

Eggs 


Offspring 

A f 

A 

60 X 60 

36% AA 

A 

a 

60 X 40 

24% Aa 

a 

A 

40 X 60 

24% Aa 

a 

a 

40 X 40 

16% aa 


We note that the new generation in our example 
population will consist of 36 percent AA, 48 percent 
Aa, and 16 percent aa individuals. These are precisely 
the same proportions we started with originally. 
Evidently/ gene frequencies have not changed. 

It cai be snown that such a result is obtained 
regardless of tha members and the types of gene pairs 
considered simultaneously. The important conclusion 
is that, if mating is random/ if mutations do not 
occur/ and if the population is large, then gene 
frequencies in a population remain constant from gen- 
eration to generation. This generalization is known as 
the Hardy-Weinberg law* It has somewhat the same 
central significance to the theory of evolution as 
Mendel's laws have to the theory of heredity (Pig. 31. 3) . 

The Hardy-Weinberg law indicates that, vhen a 
population is in genetic equilibrium, that is, when 
gene frequencies do not change, the rate of evolution 
xs 2er °. Genes then continue to be reshuffled by 
sexual recombination and, as a result, indivicfcial 
variations continue to originate from this source, 
the overall gene frequencies do not change* 



Of themselves, therefore, the variations are not 
being propagated differentially. Evolution consequently 
does not occur. 

What does make evolution, occur are deviations 
from the "ifs" specified in the Hardy-Weinberg law. 
Thug, mating is decidedly not random whenever natural 
selection takes place,* genes actually do mutate; 
and populations are not always large. Singly and 
in combination, these three factors may disturb 
the genetic equilibrium of a population and may 
produce evolutionary change. 
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apbCIATION 

The key! Process to be explained is how unit evolutionary 
changes -in ’a population eventually culminate in the 
establishment of new species and higher taxonomic 
categories. A's already shwon in ChaPf8, a species may 
be defined as a collection of populations within which 
reproductive communication is maintained by inter- 
breeding. W e may now define a species alternatively as 
a group of populations sharing the same gene pool 
(see Fig. 31.1). Within the pool a free flow of genes 
is maintained, but genetic flow between two such pools 
does not occur; a reproductive barrier isolates one species 
from' another. The problem of speciation, therefore, 
is to show how reproductive barriers arise. 

Geographic barriers between sister populations 
usually develop before biological reproductive barriers 
come into existence, /unong geographic barriers, distance 
is probably the most effective. Suppose that, in the 
course of many generations, the populations of a given 
species grow in size and number and that, as a result 
of the increasing population pressure# the organisms 
radiate into a progressively larger territory. In time# 
two populations A and Z at opposite ends of the territory 
may be too far apart ‘ to permit direct interbreeding 
°f their , members. Although gene flow still takes place 
via the interconnecting populations between A and Z, 
iadiv iduals of A and Z no longer come into reproductive - 
contact directly' (Fig. 31.7) . 
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is then almost certai.fr that# by chance, 
different genetic innovations arise in A and Z and 
that different ones will be propagated within A and z 
by natural selection* Such an effect will be particularly 
pronounced if the environments of A and Z are or become 
more or less different. If now the evolutionary changes 
within A and within Z occur faster than the speed of 
genetic flow between A and Z# then A and Z will 
actually become progressively different in structure 
or function. These two populations thus may come to 
represent two distinct subspecies (Fig. 31.8). 

Geographic isolation here has set thestage for 
the development of 'initial differences between members 
of A and Z. If the differences accumulate/ they may 
eventually become so great that gene flow between A and Z 
will stop altogether For example / population A (or Z) 
may undergo a change in the reproductive organs such 
that mating with neighbouring populations becomes 
mechanically impossible# Or the protein specificities 
of A may so chnge that the gametes become incompatible 
with those of neighboring populations. Or the time of 
the annual breeding season in A may become advanced or 
delayed relative to that of neighboring populations. 

Or the individuals of A may become changed psycho- 
logically# so that they no longer accept mates from 
neighboring populations. Biological barriers of this 
sort will interrupt all gene flow between A and £*• 

These subspecies, isolated reproductive ly# then in 
effect will have become two different species (Fig *31 #9)* 
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Although an initial isolation due to distance 
p r obably the most common kind, other farms of geo- 
graphic isolation are encountered as well. The deve- 
lopment of terrestrial islands surrounded by water 
or of aquatic islands surrounded by land, the inter- 
position of a forest belt across a prairie or of a 
prairie belt across a forest, the appearance of mountain 
barriers, river barriers, temperature barriers, or of 
many another physical barrier, each may result in 
geographic isolation. With reproductive contact th e n 
lost between two populations, evolution in each may 
henceforth follow entirely different courses. In effect, 
the parental species will become split into two new 
ones. At first, the descendant species will still be 
rather similar structurally and functionally. In time, 
however, evolutionary changes are likely to introduce 
Progressj vely pronounced differences, including 
biological barriers to interbreeding. These add to and 
reinforce the environmental ones already in existence. 

In two just-formed sister species, interbreeding 

' ■ i 

often may still take place if the isolating condition 
is removed, but in nature such removals do not normally 
occur. Therefore, when two different species do not 
interbreed in nature, this does not always mean that 
they cannot interbreed, in many cases, members of 
different species may be brought together in the 
laboratory and there they interbreed perfectly well. 

Por exa mple, swordtails and platys, two species of 
topical fi s h (E*ig. 31 .10) , may under certain conditions 
have off S p r j_ n g i n the laboratory. But in nature they 

h ■ 
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almost rieve'r do because they are isolated reproduct- 
ive^ although’ they Hve together in the same rivers, 
biological harriers discourage crossbreeding* &nd 
after two sister species have been separated for long 
periods, interbreeding will no longer be possible even 
if me mberS of the two are brought together artificially, 
Biological differences sooner or later become sufficiently 
pronounced to preclude interbreeding* 

Speculation by this means is the principal way in 
which new species evolve* Such a process takes, on an 
average, about I million years* Consciously or un- 
consciously making use of this principle of reproductive 
isolation, man has been and is now contributing to the 
evolution of many other organisms* Here may be found 
direct proof that evolution actually occurs and, 
indeed, that it operates according to the mechanism 
described above. 

The most ancient evolution-directigg effort of 
man is his successful domestication of various plants 
and animals. Darwin was the first to recognize the 
theoretical significance of domestication, and it was 
this , actually, which led him to his concept of 
natural selection. He reasoned that if man, by artificial 
selection and isolation, can transform wild varieties 
of given plants and animals into domesticated varieties, 
then perhaps natural selection and isolation, acting 
for far longer periods, can bring about even greater 
evolutionary transformations in nature. We ^ n °w how 
that the domesticating process in fact does involve aii 
the elements of natural svolutions first, deliberate 
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physical/ hence reproductive and genetic, isolation 
of a wild population by man? and second, long-continued, 
carefully controlled, differential reproduction of 
individuals "adapted" to human desires, that is, of 
individuals exhibiting traits considered desirable by 
man. The result is the creation of new strains, races, 
subspecies, and even species (Fig, 31. 11). 

Furthermore, during the last few decades, rather 
rapid, man-directed evolution has taken place among 
certain viruses, bacteria, insects, various parasites, 
and other pest organisms. These live now in an environ- 
ment in which antihiotics and numerous pest-killing 
drugs have become distinct hazards. And the organisms 
have evolved and are still evolving increasing 
resistance to such drugs. Indeed, the very rapid 
evolution of viruses and bacteria becomes a problem 
in research; laboratory populations of micro-organisms 
may evolve resistance to a drug even while the drug is 
being tested. B e cause micro-organisms have exceedingly 
short generation times, because their populations are 
Physically small, compact, and easily reared, and 
because high mutation rates may be induced readily by 
X rays, they have become favorite test objects in 
evolution experiments. 
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Dr. G, V. Gop al 

ORIGIN OF NSW SPECIES 

A species is not a static unit. Through time, it gets 
modified into new forms (Fig. 4.1). New species arise either 
by the slow transformation of existing species or existing 
species populations 9 or abruptly- as a result of hybridization 
and polyploidy or through special evolutionary mechanism called 
catastrophic selection or even through counterfeit hybridization. 

1, GRADUAL SPE C IATIO.N ; 

(a) Phyletic speciation. A species with restricted 
distribution may get gradually transformed into new species by 
the development of new genetic material produced by mutations 
and by continual incorporation of favourable genetic changes 
in its gene pool. The net result is that in place of one old 
species there is one new species. This process of gradual 
transformation of an old species into a new one is known as 
phyletic speciation. 

(h) True speciation. In true speciation physical or 
biological isolation develops in a widespread species and in 
due course of time due to development of new acceptable genetic 
material and its continual incorporation there takes place slow 
divergence of isolated populations into two or more species 
(Pi?. 4.2). 

It was Mortiz Wagner who put forth a hypothesis of 
true speciation in 1868 which is known as geographical theory 
speciation or even Allopatric theory of speciation. According 
to this hypothesis the first step in true speciation is the 
separation of original gene pool into two or more parts 
(‘Shrinkage) as a result of reproductive isolation brought about 
by changes in the environment or may be the consequence of 
W-ranpe dispersal in which case, as has been emphasized by 
Stebbins (i960), self-pollinating species have a greater chance 
of successful establishment. The resulting gene pools in a bid 
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to adjust themselves to their surroundings evolve indifferent 
directions. Gradually they become morphologically and physioio. 
gicallv quite different. This process is known as differentiation 
As a result of reproductive isolation and differentiation the 
fragmented parts of the original gene pool come to occupy a 
definite geographic range. Sometimes as a consequence of further 
environmental changes an expansion of this range may take place 
resulting in' overlapping. The overlapping may also result froi 
migration of different populations into a previously unoccupied 
area (Fig. 4.2). It is quite possible that the two populations 
that happen to come together due to overlapping might have 
already differentiated physiologically and genetically to a 
degree that they are unable to form viable zygotes. In such ah 
instance speciation process has already been completed without 
interaction. Conversely, the two populations may have, almost 
similar ecological requirements and potentiality for hybrida- 
tion. In that case, they will compete with each other. One 
population may outcompete the other restoring the original 
non-overlap range. Or, the two populations, as a result of 
further selection, may divide the environment in a way that 
competition is wantinr and simultaneously some sort of breeding 
barrier is established restricting the formation of hybrids. 

Or, in an overlapping range /area two populations may hybridize 
to form one interfertile population. In fact, whenever there is 
competition between two populations they always tend to displace 
each other, that is, requirements of one or both populations 
change in a way that reduce competition. It has aptly been put 
forth by F.G. Gause (1934) in his 'Exclusion principle* which 
states, "No two forms can share exactly the same environmental 
requirements for an indefinite period of time, eventually one 
form will replace the other." 

Thus, the two most important steps in the process of 
true speciation are reproductive isolation and differentiation* 
Sometimes secondary merger does take place but it is not an 
essential step of the process, 

2. ABRUPT SPECIA TION 

Abrupt speciation usually occurs either as a result of 
polyploidy, catastrophic selection or counterfeit hybridization* 
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pot.YPLOSX 

This process results in the multiplication of genome 
or chromosome number of a plant, It has been observed that 
mostly resultant polyploid individuals are incapable of forming 
fertile offspring with individuals of the parental stock. The 
resultant polyploid individuals thus acquire instant reproductive 
isolation 'and if these are able to exploit an ecological situation 
to their benefit, the result is the formation of a new species. 
u,H. Lewis, (1967), however, asserted that a kind of ecological 
requirement need not follow chromosome doubling. This generali- 
zation was based on his observations that 2x and 4x cytotypes 
of Claytonia virginica, Hedyotis purpurea, H. longifolia and 
Oldenlandia capensis could grow only a few meters apart on 
ecologically similar niches. This process indeed has played a 
major role in the evolution of angio sperms where about kM of 
the total species are polyploid. Four main types of polyploids 
recognized are auto polyploids, true or genomic allopolyploids, 
segmental .allopolyploids and autoallopolvploids (Fi:u 4.3) 

(of, Stebbins, i960). A large number of taxa once regarded 
to be autopolyploids are suspected to be of hybrid origin. 
Autopolyploids, in general, look remarkably similar to their 
diploid progenitors. Segmental allopolyploids simulate autopo- 
lyploids inclose morphological resemblance to diploid forms 
and in displaying of multivalent configuration at meiosis, and ■ 

5r - mostly confused with them. Nothing can be said with certainty 
regarding their actual ancestry until both of its parents have 
ton identified through hybridization experiments. Segmental 
5 llopolypioidg possess the ability for genetic segregation 
^th regard to morphological differences and also chromosomal 
differences forming sterility barrier between the parental 
species. Further, segmental alloploidy is an unstable condition 
" hlch> guided by selection for fertility, will either evolve 
to the direction of auto or typical allopolyploidy. If chromo- 
S0BCS the parental species were largely similar- and differed 
J 0Ile or two small non- homologous segments* selection would 
^ to eliminate these non-homologous segments "and favour 
^ion in the direction of auto polyploidy. If the situation 
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was other way round, that is, chromosomes differing initially 
by numerous and large segments then, selection would favour 
further differentiation of such chromosomes through mutations 
and chromosomal rearrangements and elimination of multivalent 
formation, thus, directing them towards typical allopolyploidy, 
Segmental allopolyploids sometimes form partly fertile hybrids 
through backcrossing with autopolyploid derivatives from either 
of their parental species. Typical allopolyploids usually staid 
out as clearly marked species as hybrids resulting from their 
backcrossing to either diploid parent or to their autopolyploid 
derivatives are usually partly and sometimes completely sterile, 
Apart from being fully fertile allopolyploids are strongly 
isolated from, and also morphologically discontinuous with 
their closest relatives. Thus, polyploid species complexes 
which pose difficult problems to systematists contain either 
segmental allopolyploids or autopolyploids or both. Autoall- 
opolyploids exist only at the level of hexaploidy or higher. 

A very strong resemblance may result between an autoallopoly- 
ploid and one of its diploid ancestors if it contains two or 
more genomes derived from one species and only one genome from 
the other. 

CATASTROPHIC SELECTION : 

In I962 Harlan Lewis proposed a special evolutionary 
mechanism which does not involve the process of polyploidy 
and leads to rapid speciation resulting from genetic isolation 
with little or no morphological differentiation. He observed 
that three species of Clarkia (Onagracoae) e.g C. franciscana, 
C, rubicunda and C. amoena were morphologically quite similar 
(Lewis and Raven, 1985 a, b). They crossed these species in 
all combinations to observe the fertility of hybrids and to 
note the differences in chromosome architecture 3s exhibited 
by chromosome pairing at meiosis. In every case nearly 2 % of 
the pollen were found to be fertile and chromosome pairing 
in hybrids revealed that all the species differed drastically 
from each other in arrangement of the homologous segments. 

C. franciscana differed from C. rubicunda by at least three 
large translocations and four paracentric inversions and 
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C atnoena by at least two translocations and two or more 
paracentric inversions. The species C. amoena differed from 
C, rubicund a by three translocations and two inversions. Thus, 
the three species of Clarkia, which werr morphologically very 
similar, were found to be dissimilar in respect of arrangement 
of genes on the chromosomes. The genetic isolation results from 
this dissimilarity. How such chromosomal alterations arise ? 

To explain this Lewis jput ,fojr±h the hypothesis of catastrophic 
selection according to which under certain unknown conditions 
(environment stress such as drought etc.) drastic chromosomal 
rearrangements may take place in a plant and if such a plant 
becomes detached from its parent population and is capable of 
astablishing a population oC its own with new chromosomal 
rearrangements then it results in the formation of a population 
which is genetically isolated from the ancestral population 
from its very inception, leading to the formation of a new 
species. What are the actual force* responsible for such drastic 
changes in some and so little in other taxa is still a i mystery l 
Probably a major force .resides in genetic system of each species 
’"hich controls and determines the way a species reacts to the 
environmental changes. 

GQIINTERFEIT HYBRIDIZATION : 

It also serves as an ideal isolating mechanism (de Wet 
stal., 1984). The process involves non-random transfer of 
gones or non-random incorporation of DNA fragments from a 
non- functional sperm of a taxon into specific position of the' 
genome of par the nogene tic ally developing egg of another- taxon. 

How all this happens is still not known. While conducting 
Vbridization experiments, with Tripsacum serving as female 
?Hren t and Zea as male parent, de Wet and cp workers noticed 
in Tripsacum some of the maternal offsprings resulting 
par then oge ne tic development of non-reduced female 
s-ft. tophyte s though contained 2n = 36 Tripsacum chromosomes, 

^ Wre bvbrids rather than maternal in phenotype. Such 
^ r ids were termed counterfeit hybrids. In tripsacum genome 
3 material got incorporated without true fertilization 
' Tripsacum egg and Zea sperm. The se ■ hypr id s differed 
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from Tripsacum parent both in phenotype and cytological 
behaviour. They produce sterile offspring when crossed with 
their maternal Tripsacum parent, Tripsacum cundinamarce 
(2n = 36) is believed to be a counterfeit hybrid between 
T. dactyloides var, meridonal and Zea mays that served as the 
pollen parent, 

SPSCIATIQN IN VEGETATIVE1LY REPTODUCING PLANTS 

In vegetatively reproducing plants which include most 
of the monocotyledonous taxa sexual reproduction is of secondary 
importance and very often even absent in them. In most of the 
members of Liliac?ae and Amaryllidac'eae flowers are formed 
but meiosis is irregular resulting in sterile pollen and no 
seed, set. Does this mean that such taxa have reached a static 
step in ^volution and have 'lost the capacity for speciation 
with loss of sexual reproduction ? In nature and even under 
cultivation we observe that majority of such taxa are capable 
of producing numerous new variants indicating that they must 
possess some effective means of speciation unrealated to sexual 
reproduction. In the somatic tissue of some of the varieties of 
Cal3dium bicolor (2n a 28), a member of the family Araceae, 
Sharma and Das (195^) observed some cells with either varying 
chromosome number and/or chromosome structure from the normal 
ones, Such variations were always found to be at random i.e. 
without any zonation. Variations in chromosome structure could 
arise as a result of chromosomal rearrangements including 
deletions, duplications, inversions and segmental interchanges j 
and variation 0 in chromosome number through non-disjunction, 
somatic reduction and possibly through partial endomitosis. 
Further abnormal karyotype in one of the varieties was found 
to be normal karyotype of another variety. It was, therefore, 
suggested that if an abnormal nucleus with numerically or stru- 
cturally altered karyotype happens to enter the growing apex 
which gives rise to a daughter shoot through vegetative means 
the new shoot would comprise cells with altered karyotype. Such 
a shoot on detachment iftom the parent plant would give rise to 
a completely new form. As sexual reproduction is absent, such 
abnormalities are not lost through gametic inviability 
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(Sharma, 1956). But numerical alterations are sure to upset 
the nucleocyto plasm ratio which in turn is likely to affect the 
metabolism of the cell. It has been suggested that such an 
imbalance at individual cell level is rather advantageous to 
such plants and facilitates further irregularities leading to 

somatic mutation. 

ECOLOGI CAL PROPER TIES OF A SPECIES 

If we study the performance of plants of a particular 
species against any single environmental gradient we always 
get similar graphs as depicted in Fig. 4.5. 

Each species has its own range of tolerance. This 
represents the range within which individuals of a particular 
species ar 3 ^ble to survive with reference to particular 
environmental gradient. Another point which emerges is that 
all plants of a species, which are being tested against an 
environmental gradient, do not grow with equal vigour in all 
parts of their tolerance range. Within central part of their 
range plants normally grow most vigorously decreasing progressi- 
vely towards tolerance limits where it becomes zero. The portion 
of the tolerance range where vigour is greatest is termed 
ecological optimum of that species. Comparable responses will 
be observed if the same species is examined along other 
environmental gradients provided its individuals are sensitive 
to such variables. The separate responses will comprise a great 
variety of tolerance ranges, ecological optima and vigour within 
these. The sum of tolerances along all gradients to which a 
particular species is sensitive has been termed ecological 
^Plitude of the species. In fact, each species has its own 
tolerance range, ecological optimum and its own ecological 
amplitude. More the ecological amplitude of a species, more 
successful it is in nature. For its survival, however genetic 
friability is imperative. This results from genetic recombina- 
tion or continuous interbreeding within an interbreeding 
D Tul3tion, a species population may survive some new environ- 
stress if sufficient genetic variability, exists within it 
-insure that some gene combinations impart drought resistance, 
^ B retie all v identical population, on the contrary, would be 
with extinction if the single gene combination present 
n °b. impart drought resistance. 
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The factors for modification can be broadly classified in 
three major categories namely; i) Environmental , ii) Genetical 
iii) physiological modification or E* da ptation of plants due 
these three major components. 

p n ifimnmental Factor s The Environment as such is very difficult 
to define shortly. Environment consists of Edaphic, climatic, 
hydrological, biotic as such. According to Hutchinson, 1 951 , 1 958 
introduced the concept of ecological niche referring it to the 
totality of biotica and abiotic factors to which a given species 
is uniquely adapted- 

Periodicity of season also plays a dominant role in the 
phneology of the plant, same species collected from two different 
localities is not alike because the ecological factor at both 
places is not same* 

Light Factor 

Light Durations Photoperiodism is characterised by great 
ecological significance* It explains why many plants in tropics 
where light period is almost constantly 12 hours, flower through- 
out the year and like wise, why so few plants m temperate, 
latitudes leave this charB§B@?£§‘Eiic. It is also apparent that 
carticspecies must be long-day plants. They rarely flower when 
further south. Species requiring high temperature and long days 
to mature are definitely limited in their northern range. 


Light quality: The quality of light is modified by clouds 
and fog. Water vapours absorb infrared light and from water- 
surface blue-green rays are mostly reflected or transmitted so 
that bodies of water appear blue or greenish blue- Red rays 
induce a great development of tissues and cause the cells to 
elongate very much, dlue-violet rays on the other hand inhibit 
growth and keep the cells small* Red and blue light are the most 
effective in photosynthesis by green plants. UV-rays have 
injurious effect upon c&lls and plant growth and in total the 
plant modification leads to varieties* 


Phytoc h emic^l variation due to UV radiation f r equency/ in tensity; 

Ultraviolet radiations have injurious effect on plant 
growth and it is therefore unfortunate that most of the ultra- 
violet radiation is absorbed by the ozone layer in the upper 
Part pf the atmosphere* In alpin'e regions,’ the intensity of 
ultra-violet radiation is mtabh higher than at sea^lstvel and is 
responsibile for the development of flayours and. an tho cyan ms 
Blanca. . %/■ 
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Precipitation : 

The principal forms of precipitation are rainfall, ^ 
snow and dew of these, rainfall is the most important as most 
plants absorb water from the soil* If the water level varies 
then the type of vegetation also varies as xerophyte .... 

Mesophytes and free floating hydrophyte ... submerged 

hydrophyte. 

but some plants have modified in sgu such way their organ 
structure to absorb this atmospheric water directly as in tl 
case of Lichens, orchids, epiphytic plants. Valamens roots 
having valamentissue is developed in this group of plants. 


vlind: wind has both a direct and an indirect effect on plant 
life* The direct effect of strong winds is mechanical and 
consists in uprooting trees and breaking off branches and twig 
Strong winds also cause permanent curvatures in plants on 
ecposed places* 

Altitude: Topographic factor, the ffect of altitude is best 
seen in mountains* The climate changes as we ascend, becoming 
'•progressively cooler. There is greater wind action greater 
altitudinal variation leads the change in vegetation of that 
area* If the soil is deficient of ^ “ then also it leads to 
' the production or gives an opportunity to the development of o r 
community of plants f a$, exi Insectivorous plants Nepethces 
"Pitcher plant" 


L'iA 


\ 




/ 




, /• jh r* 

Vy , r - 

Light has as factor has many other effect on plant modified 

as photosynthesis is the most important biological activity* 
is an * 

Phyllotaxis/important phenomenon in plants which occurs in 
systematica manner* Phyllotaxis means "spreading of leaves are 
otherwise" modern terminology says as Fibonacci series* They0 
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distichous due to some special types of chemical and particu- 
larly in case Psidum the plants exhibit mimicry Mi- - 4 ’/. 


i.e. 13, 57, 86, .42 
or 1,4,7,10,2,8,9,6,5,4,3 


i. e* 
i. e. 


1/2 = 180° 


2/5 = 360°-144° fc 



Sometime the plant accumulate 
the alkaloids and some amino- 
acids like ■ 

proline may act as defensive 
mechani sums is well known 
phenomenon. 



In some case plant have modification of plant parts like spines 
throns, bristles, Pitcher, stingine hairs, Latex ect. 

Genetical : In breeding, and out breeding the two different systems 
prevailing in higher plants are out crossing and inbreeding. In 
addition various asexual methods of reproduction have evolved 
in number of taxa* Outbreeding enhances recombination, hetero- 
zygosity, variability and evolutionary potential. Protandany 
and protosy are the two important f loral-mechanisums which 
promote out breeding. Out breeding promoting systems is called 
as heteromorphic system. 

_Self inc ompatibility ; In majority of the higher plants pollen 
is incapable of germinating on stigmas or styles of the plant 
that produce it. Fertilisation of the egg is thus prevented- 
This condition is known as "Physiological or genetical self 
incompatibility". This can be early manipulated by using some 
temperature treatments, irradiation. Bud pollination, mentor 
effects, paraffin oil, organic solvents, carbondioxide. 

Inbreeding systems! Inbreeding system ensure regular and optimal 
seed production even in the absence of pollinations and are of 
considerable importance to colonizing , taxa in new habitats. 
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That there are variations in the pho tosynthetie process! 
among green plants is well known. There are three variants 
namely, the C 2 type(Calvin cycle) C 4 type (C^ dicarboxylic C yJ 
and CAM (Crassulacean Acid Metabolism). The lower groups and a] 
great majority of flowering plants have C 2 type of photosynthej 
process. C 4 photosynthesis evolved as a response to changes kj 
carbon and oxygen concentrations in the atmosphere during the f 
course of plant evolution (Smith B.M. 1976). * L nstead of the J 
usual phosphoglyceric acid, the initial product of the well ^ 
Calvin-Benson Cycle (C^), the C^ plants fix carbon initially jj 
4-carbon organic acid-oxaloacetic acid and then malic or asps* 
acid (Webster et al,1975). This type of photosynthesis is knew 
occur m a large number of species in tropical and warm-im 
temperate regions* A rough estimate put the number of such sps 
as 94b spread out in 196 genera and 18 f amilies(Ramadas and 
Raghavan, 1 980 ) • Such plants have been designated as C 4 plants 
Hatch and Slack (1970). They have highly specialised chloxencl 
matous isad leaf bundle sheaths in which the chloroplasts havs 
slightly modified granar and wall structure. These anatomical 
specialisations are together known as "Kranz syndrome" and the 
species having them are called "Kranz species" ( Tregunna et al, 
Smith and Brown, 1973). 


Though restricted to a miHixafcy minority of angiosphenn 
C 4 pathway exhibit interesting correlations and systematic 
implications. Smith and Brown (1973) have studied the Kranz 
syndrome in the Graminlae using carbon isotopes* In this fami 
is is confined to the three tropical subfamilies, Arundmoids 
Eragrostioideae and Panicoideae and holds promise in sorting 
the controversy over systematic positions of taxa like Arist 
and Eragros tis (Rama Das and Raghavan, 1 980) . 

Within the genus Euphorbia, Crassulacean acid metbaolis 
has been detected in the subgenus Euphorbia and -photosynto 
in subgenus Chamaesyce- v\/ebster et al (1975) have concluded! 
the different subgenera with different pho tosynthefcis strata 
have completely independent origin and hence warrant the tre 3 
of the subgenus chamaesyce as a distinct genus- 

In Centrospermae C 4 photosynthesis is known in seven 0 
11 families- The basal group phytolaccaceae, significantly' 
C 2 pho tosyn thesis (Marbry, 1977). Other dicot families known ^ 

C 4 genera are Boraginaceae, Compositae and ” 

photosynthetic pathway is functionally and 
distinct from the other two. The CAm plants 
synthetically inefficient but are efficient in conserving "*j 


Zygopnyirc‘''=“- 

phylogeneticaliy 

are relati vel ^j 



because their stomata open only at night (Mabry, 1971 )- This 
type of photosynthesis is seen in members of families like 
Cactaceae, ^lzoaceae and Buphorbiaceae. 

Flavanoids have been one of the most exploited phyto- 
chemical character in relation to classification. Extensive 
su^eys on the distribution patterns of these compounds have 
been carried out- Indeed, they will continue to be useful in 
classification at lower levels of taxonomic hierarchy, but such 
information on distribution alone would not be of great use in 
deducing phylogeny (Giannasi, 1978b; Crawford, 1978). Swain 
(1975) Harborne (1977) and many others have attempted to 
deduce phylogeny of thpse compounds. But, these speculations 
have mostly been based on their correlation with morphological 
or other nonchemical characters and hence has an element of 
circularity as Heywood (1973b) has pointed out. 
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Dr • (Miss) G. Nair 
Lecturer in Botany, 
a , Bhulo nnes war . 

The history of medicinal plants is intimately 

connected with the history of botany. Primitive man 

lived at the mercy of nature, in constant terror of 

diseases. Fromthe ear liest 'times, tribal priests and 

r ^ i 

medicine men (witch doctors) used various plants, minerals 

and animal organa, usually in associattin with strange 

rituals and incantation, to drive out die evil spirits 

v/hich they believed to be the cause of the disease. 

Astonishingly, these magical Tites seemed to help . 

In some primitive tribes, a , victim of disease was 

half-buried in soil for several days to exercise the 

malevolent spirits which had possessed him. Among the extremes 

of treatments was the chipping of holes inftbe skull to 

/ 

release the tormenting evil spirits. This theory of 
demoniacal possession lasted many centuries and exidfe 
even today in areas where people still live in primitive 
societies. 

R e cords of early civilisation in all parts of the 
world reveal that a considerable number of drugs used 
in modern medicine were in use even in ancient times. 

The use of plants for curing various human ailments figured 
in ancient manuscripts such as The Bible, The Rig-Ve^as, 

The Iliad and The Odyssey and the H-^sto^y of Herodotus* 

Over 6000 years ago, the anci e nt Chinese were using drug 
Plants, The Egyptians, Babylonians, Sumerians, Greeks and 
Romans, all developed their respective characteristic 
Ma teria Medic a. On the other side of the world, the 



Aztecs# Haydite and InCaS had all developed primitive 
medicine. Sfcme of the ancient Egyptian text -books 
•papyri 1 (such as the Edwin Smith Papyrus and the Ebers 
Papyrus), written as early as 1600 B.C. indicate that the 
Egyptians had an , amazingly complex Materia Medina. Apart 
from the names of many medicinal planti then known# 
the papyri also included several hundred recipes or 
pr© sc sri pti ons for varipus diseases. The Edwin Smith 
Papyrus (about 1750 B.C.) is now one of the prized 
collecting of the New York Academy of n e dicin©* 

In India# the ayurvedic system of medicine has 
been in use for over three thousand years. Charaka and 
Susruta, two of the earliest I ndian authors had sufficient 
knowledge of the properties of the Indian medicinal plants. 
Their medical works the Charaka Samhita and the Susruta 
Samhita are esteemed even today as treasures of literature 
on indigenous medicine. 

The Greeks and Romans were familiar with many 
of the present day drugs as is evident from the worfa of 
Hippocrates (460-370 B.C.), Aristotle (384-322 B,C.) . 
Theophrastus (370-287 B.C.)# Pliny the Elder (A. D. 23-79)# 
Dioscorides (A.D. 50-100) and Galan (A .D. 131-201) . They 
wrote expensively about medicinal herbs# giving their 
names along with a description of each plant# illustr at ions i 
thair putative healing properties and also complex 
descriptions for the preparation of medicines. Hippocrates* 
the 'Father of Medicine'# was the first to attempt a 

scientific explanation for diseases. His inf lienee 

/> 

remains today in the Hippocratic oath taken by young 
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doctors upon their graduation from medical school* 
Dioscorides ,f treatise on medicinal plants De Materia 
Medina remained the supreme authority for oyer sixteen 
centuries 7 , during which the manuscript was laboriously 
copied and recopied with few additions. In like manner, 
the works of Aristotle, G a len and even Pliny were copied 
and handed down with increasing inaccuracies* During 
the Dark A g es (A.D. 400-1000) few new ide^s were added* 

During the Middle Ages (A*D* 1000-1500) also, little 
significant botanical progress was made* Had biology 
progressed steadily from the time of Aristotle, there 
probably would have been no great plague and smallpox 
epidemics during the Middle Ages* O n e epidemic of the plague 
between 1347 and 1350 killed sixty million people in Europe, 
Asia and Africa, 


About the beginning of sixteenth century, 
several herb Q ls of considerable merit were published, 
such as those of Srunfels (1530), B 0 ck (1539), 

Fuchs (1542), Cordus (1561) and L.Obel (1576). Although 


these works were a great improvement over earlier ones, 
they still propagated many myths and superstitions such 
as the ’Doctrine of Signatures' advocated by an eccentric 

' A 

g enius Paracelsu s (1493-1541), according to which all 
plantg possessed certain signs given by God, which 
indicated their usefulness in treating diseases of 
similarly shaped organs in the human body. Plants, 
for example, with h eart-shaped, leaves were used for cardiac l- 
disorders? the sap of blo odroot (Sanguinaria canadensis L.) 
a s^a bloo d tonin g the walnut w ith numerous invaginations 
a nd convolutions £or brain diseases and pomegranate 



thernyth of the mand rake p lant (Mandragora of fic inarum l.) 
of the fam ily Solanaceae ^ The fleshy and often 
fo rked roots of this p lant somewhat resemble the 
torso and. the lower l imbs of a hu man figure and were 
believed^to be quite efficacious, for treating various 


human ailments Sipce ancient Greek times/ the resulting 
decoction of mandrake roots either prepared in boiling 
water or in wine# has had a reputation of producing 
sleep. It was perhap s^ the first true anaesthesia and later 
in 1889 was found to contain a mix ture cf pain-deadenin g 
alkaloids (p odophvllin. mandraqorin and hyosci ne) * the 
most important of these being hyoscine or t -scopolamine. 


With the development of synthetic drugs* plant 
products lost their significance. In the last few 
decades/ however/ there has been probably more interest 
in drugs obtained from vegetable sources than at any 


time in history because of the success with the- antibiotics, 


and other plant drugs such as rauwolfia (for the treatment 


of mental diseases), podophyllum (a cathartic/ as 
well as for curing cancerous tumors in mice) , aloe 
(a cathartic/ as well as f or the treatment of atomic 
radiation burn); veratrum (hypertensive agent)/ 
peyote (psychoactive drug) and sundry others# 

Sapogenins (closely related to steroids)* obtained 
from many members of Dioscoreaceae and Agavaceae* can.be 
converted into cortisone* into male hormone 
(testosterone) and. female ' hormones (estrogens and 
progesterone) • Sapogenins have many potential uses 
in b-he treatment of rheumatoid arthritis and the female 
hormones are Used in contraceptive pills. 
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From the crude beginning of the earlier physician- 
botanidtS/ the study of drugs and drug plants has developed 
int0 modern pharmacognosy (pharmacon = drugs and gnosis = 
to know) which deals with the knowledge of history, 
botany (including properties and methods of preparation 
of drugs)/ preservation and commerce of crude drugs. 
Pharmacology is the study of the action of drugs on an 
organ or organism. Nature has provided a rich storehouse 
of herbal remedies to cure all mankind* s ills. Throughout 
the world primitive peoples have utilised several 
thousands of different plants and plant products as 
cures for human ailments. Many of them have been rendered 
obsolete today because of the synthesis of their active 
principles. Some are widely cultivated# but most are 
gathered entirely in the wild state. 

The information on drugs and drug plants whose 
efficacy in medicine has been established is available 
in various authentic books known 'as ‘pharmacopoeia* 
and the drugs included therein are desc bribed 1 as ‘official*. 
The most important of these pharmacopoeia are the 
'united States Pharmacopoeia*. British Pharmaceutical 
Codex'; 'Indian Pharmaceutical Codex* #° and 'National 
Formulary'. These wcr ks are constantly being revised 
and kept up-to-date. 

The medicinal Value of drugs is due to the 
presence c£ certain substances such as alkaloids# 
giycosid.es, resins, volatile oils* gmms# tannins# etc. 

Some of thege are powerful poisons if administered 
indiscriminate ly, while others are dangerously habit- 
forming. Even the most dangerous drugs can be of value 
to human beings# if judiciously employed* The danger of 
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self medication is serious and extensive. People who 
believe themselves ill or simply off-colour physically 
or mentally, often use wonder-wBrking drugs (happy piu s ) 
to relieve themselves from the tensions of modern living, 
These tranquillisers have proved so effective that their 
use has increased amazingly and has now outstripped 
all other drugs with the exception of the antibiotics. 
However, when used without proper medical advice, they may 
bring misery to millions. 

The active principles of plant drugs are commonly 
more concentrated in stor$g§ organs* Roots, seeds, barK 
and leaves are much represented in the Materia Medica, 
flowers are less commonly used. While woods and woody 
parts of herbaceous stems are usually relatively inert, 

3otanical drugs have been variously classified 
dependigg upon? the plant and plant parts from which 
they are derived, the disease for which they are used 
and their chemical nature. 

We shall discuss below only some of the most 
outstanding drugs; other commercial drugs and drug 
plants will only be listed. 

At £2Pa belladonna L. (n = 36) Belladonna, 

Familys SQlanaceae deadly nightshade 

Belladonna has been extensively used in European 
medicine ance the earliest times and is still regarded 
as one of the few indispensable drugs of plant origin* 
Because of the mydriatic action of the leaf juice when 
introduced into the eyes, the plant was frequently 
used by Ealian and Spanish ladies - as means of imparting 
a seductive appearance to thei r eyes. 
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The deadly nightshade is a native of C e ntral 
and Southern Europe and A s i a Minor. Nowea-days it is 
'extensively cultivated as a medicinal crop in the U n ited 
Stat.es. Europe and India* In I^dia , It isfbund under 
cultivation chiefly in K ashmir and Cpakrata (Uttar Pradesh) . 
The plant which grows in the Himalayas and is also 
cultivated in Kashmir is not A. bella donna / but A .acuminata 
Royle differing in the leaf shape a n d the colour of 
flowers. 

A. belladonna is a herbaceous perennial with a 
creeping rootstock/ growing to a height of about 90-1 20cm 
and possessing alternately arranged ovate leaves and bell- 
shaped purplish flowers (yellow in Indian belladonna* 

A. acu mina ta) . It bears shining brownish or black berries 
(Figure 15.1A) . 

The plants are raised from seeds sown in warm, 
shady places, not exposed to direct sunlight. Vegetative 
propagation through splitting of old rootstocks can be 
also practised* The soil should be a light, calcareous, 
well-drained loam containing decomposed humus and good 
quantities of minerals like potash and soda. 

The leaves and tops are collected during the 
flowering season, when the alkaloidal concentration is' 
greatest, varying from 0.9 to 1.23 per cent. The leaves 
(and fleshy roots, if used) are thoroughly dried, preferably 
with artificial heat for a few days and then pulverised. 

All parts of the plant contain alkaloids but are 
more abundant in the physiologically active cells. 

^ larg^, number of alkaloids have been isolated which are 
collectively referred to as 'belladonna alkaloids 1 . 
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Atrofine (C^H^N), its isomer hyoscyamine and scopoi*^ 
( C 17 H 21 0 4 N) are the three most used in medicines. 
Other related alkaloids, such as apoatropine, belladonin* 
noratropine, norhyoscyamine, tropacocaine and metaloidine 
are relatively unimportant therapeutically. 


Atropine and hyoscyamine act as stimulants to 
the sympathetic nervous system and are employed as an 
antidote to opium. These are also used to reduce nasal 
secretions, sweating and also to control excessive saliva- 
tion. Atropine has a stimulatory effect on thejcirculatory 
and respiratory systems. Internally/ belladonna is used 
for the treatment of whooping cough and asthma and 
externally as a liniment to relieve neuralgic pain. 
Atropine is employed far dilation of the eye pupil 
during ophthalmologic examinatL on and a~lso to counteract 
muscle spasm (excessive muscular contraction) • 

Scopolamine/ on the other hand/ markedly 
depresses the parasympathetic ^nervous system thereby 
acting as a sedative or ‘anti-insomniac* . It was 
formerly used with morphine to induce ‘twilight sleep’. 
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The fruits are so poisonous that ingestion of three 
berries is sufficient to kill a child. 

B s sides A * b el ladonn a / the leaves and seeds of 
other solanaceous plants such as jimson weed (Datura 
stramonium L.) and the leaves of the henbane plant 
(Hyoscyamus ni ger L.) contain atropine, hyoscyamine and 
scopolamine in varying proportions (Figures 15.1B-D). 

These solanaceous narcotics produce an intoxicating 
effect, when smoked or eaten, but continued used leads 
tb disorders of the brain. 

Cinchona spp* L*( x = 17) F e ver bark tree 

P a milys Rubiaceae or quinine tree 

The antimalarial property ,o£ Cinchona bark was known 
to t he s outh American Indians from early times* Many 
stories are told regarding the discovery of Cinchona, 
revolving round the CounfeBss of ^hinchon, wife of the 
Viceroy of P e ru, who was supposedly .cured of malaria 
in 1638, after all other cures had failed. It is also 
learnt that the secret of the efficacy of, this bark 
was revealed by a native maid out of „ affection for 
her mistress. The Countess was so pleased with the 
efficacy of the drug that fehe introduced it into 
Europe in 1640, i n the eighteenth century, Linnaeus named 
Cinchona in honour of this gracious lady. This 
often-quoted incident is* fjowever, considered to be a 
myth. i t i S certain that Jesuit missionaries first 
brought it to Europe and its pharmaceutical value 
received recognition a few centuries later* The fame 
the new remedy for malaria soon spread to other 
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countries and the Peruvian bark was in great demand 
over two centuries (from the mid^seventeenth to 
>the mid-nineteenth century), South America had a virtual 
monopoly of production* 3 U ^ due to reckless felling of 
the trees, it faced extinction that depleted the 
supplies in the Andean highlands* 

Expeditions to collect seeds were sent out to 
the South American forests by the Dutch in 1652 and 
by the British government in 1859, in order tq establish 
Cinchona plantations in South east Asia- in spite of 
strong vigilance of th& forests by the native Indians* 
members of both the expeditions managed to smuggle 
seeds and seedlings out of South America* The seeds 
collected bytfoe British expedition (under the leadership 
of Sir Clements Markham) became the basis of Cinchona 
succirubra Pay. plantations in I n dia. Around 1861, 

Charles Ledger, an English resident in Bolivia, sent 
seeds of Cinchona to Europe* These seeds were collected 
by, his faithful servant, who later died because of 
inhuman treatment by his compatriots for revealing 
the secret. Half of these seeds were taken by a planter 
to Ceylon and the remainder went to the Dutch Governments 
*rom Ledger* s s^eds, the Dutch established great plarte- 
tions of G. ledger lana Moen, in Java where climatic ^nd 
topographical conditions were similar. Nearly 95 p'er cent 
of the world* s export trade in quinine remained in the 
hands of the Dutch. All phases of Cinchona production, 
i.e. culture* - harvesting processing and breeding were 
worked out# particularly in Java* ' 
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The Dutch venture flourished on a large scale 
until the outbreak of World W a r II . The capture of Java 
by the Japanese came as a serious blow to the United 
States and her allies. During the war, attention was 
again paid to the once rich South American jungles 
that were systematically exploited by North American 
technical expeditions. Several new sources were dis- 
covered, including the high yielding C # pit a yensis Wedd. 
Latin America (especially Ecuador and Pcru)became the 
chief producer between 1942 and 1945 * 

Before the discovery of antimalarial drugs, 

( 

malaria was a common af^iction in ancient times and was 
a constant obstacle to progress and development. It 
caused a great loss of human lives in Africa, Asia, the 
United States and also parts of Europe. s ome scholars 
firmly believe that malaria was one of the factors 
which contributed tethe fall of Roman empire. It is 
even said that the ravages of malaria and the lack of 
adequate supplies of quinine played a decisive role 
inthe collapse of the German armies during World War 1. 

The discovery of antimalarial drugs opened a 
new chapter in world history* The bulk of the commercial 
supply of the drug is derived from the bark of several 
species of Cinchona, a native to the Andean highlands 
of South America., extending from Bolivia to G olombia. 

The important spe cies yielding tie drug ares calisaya 
or yellow b a rk of commerce ( C. calisaya Wedd.); ledger 
bark or ledger hybrid bark. C, ledger iana Moens G . 
calisaya^ Wedd. v a r. ledgeriana Howard); loxa or pale v * 
bark ofcommerce ( C*of f icinalis L.) and red bark of 
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commerce (C.succlrubra p ay.). In addition to these, 
C.micrantha Ruiz, Sc p av.and C. nitjda^ Ruiz Sc Pav. of 
of Peru and Ecuador and C.pitayensi^s of c olombia also 
contain the alkaloid, C* led ger! a na gives the highest 
y^ield of quinine# producing up to 16 per cent in the bark, 

Cinchona spp. are evergreen shrubs or trees with 
opposite# simple entire leaves and interpetiolar 
stipules. S ma li fragrant flowers are borne on terminal 
panicles. The^ capsular fruits are oblong to ovoid- 
lanceolate (Figure 15.2) . 

The plants are found growing at altitudes 
ranging from 760 to 2750 m (seldom below 30 0 m) # 
preferring cool mountain slopes with an abundant and 
well distributed rainfall of over 220 cm. The plants grow 
best on light# well-drained# virgin forest soils rich 
in organic matter# with a pH of 4*5 - 6.5 • Propagation 
is either by seeds or by vegetative means# i.e. grafting 
and cuttings . 

At present# Cinchona is cultivated on a large 
scale in I n dia and Indonesia- A limited supply is 
also obtained from Tanzania# S r i Lanka and Burma 
(Figure 15.3). 

The bark of Cinchona roots conta-int-he highest 
concentration of total 'alkaloids# but the b a rk of the 
trunk is the richest source of quinine. The harvesting 
of the bark may be undertaken from the fourth year 
onward but the alkaloidal content of the bark reaches 
its maximum only after 10-12 ' years of planning- Bark is 
removed by uprooting the trees when 12 years ' of ®ge or 
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by cutting the stem above ground and th e n stripping the 
stem and branches. The packed b a rk is subsequently 
shipped to the drug manufacturers. 

Nearly 30 alkaloids have been isolated from 

Cinohona-spp. of which the most important are? quinine 

(c H„yiO„No) / quinidine (isomer of quinine) , cinchonine 
'20 24 2 2 

( C 1 9 H 22 N 2 °) and ^ ts isoraer cinchonidine - all four 
collectively known as 'totaquine'# The various alkaloids 
exist in the b a rk in combination with cinchotannic 
acid; quinic acid/ free organic acids, tannins, colouring 
matters, gums# starch, vegetable matter and traces of 
volatile oilse Other less important alkaloids are; 
cinchotine, javanine, hydroquinine, hydroquinidine, 
cusconine,' cusconidine, cuscamine and cuscamidine. 

In addition to its use for the treatment of 
malaria fevers, it is also valuable as a tonic and an 
antiseptic. Quinine, quinidine and their compounds are 
employed in insecticides for the prese&fvation of fur, 
feathers, wool, felt and textiles. The residual bark 
Cinchona, left after the extraction of alkaloids, is 
'ised as a tanning material. The alkaloid quinidine is 
a cardiac depresant • 

Several species of Remijia (family Rubiaceae) , 
Particularly R. purdieana Wedd. and R.pedunculata Flueck., 
are Poising substitutes for Cinchona and contain 
substantial amourife of quinine and quinidine in the bark , 
B ^ides these, roots, stem and leaves of Djchroa 
l^brifuga Lour. (Saxifragaceae) and leaves of Chamaebatia 
Benth. (Rosaceae) are also sources of these 

alkaloids . 



Cinchona has lost r.uch of its importance through 
the widespread, use of synthetic antimalarials free from 
some of the disadvantages of natural quinine* Plasmochin, 
quinachrine hydrochloride (atabrine) , plasmoquine and 
chloroquine are prominent among the large number of 
compounds having anti-malarial properties* 

Digitalis spi. ; &in n. ( x = 7) Foxglove 

Familys Scrophulariaceae 

Digitalis was used by the early herbalists for the 
treatment of epilepsy, wounds and other ailments. By using 
a leafy material attained from the Witch Woman of 
Shropshire 1 / William Withering succeeded in curing dropsy 
(unwanted accumulation of liquid in the body cavities) - 
now known tQ be a manifestation of heart disease. 

He published the first scientific account of foxglove 
and some of its medicinal virtues in 1785. But its 
true therapeutic value was recognised only in the 
earlier part of the twentieth century and it is now 
regarded as a pwerful medical agent controlling the 
myocardial tissue of the heart. 

Thedrug is obtained from the dried leaves of 
the common foxglove, D. purpurea L., and wooly foxglos, 

D. lanata Ehrh., native of central and s out hern.' Europe. 
The plants are now cultivated on a commercial scale 
in the U n ited States, Central Europe, E ngland and 
Argentina. In ^ndia, ^.purpurea is cultivated chiefly 
in Kashmir and the Nilgiri hills, while D.lanate is grown 
in Kashmir at altitudes of above 2100 m and also at 
Chakrata (Uttar Pradesh) • 
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The plants are beautiful, biennial herbs with 
rosette-like leaves and are easily recognised by their 
pendant# zygomorphi# tubular? purple or yellow flowers 
each conspicuously spotted on the inner bottom surface 
of the tube (Figure 15,4) • I n .lanata# the flowers 
are smaller# hairy and cream# yellow or purple coloured. 

Leaves of D. purpurea are the largest and most 
commonly used. They are picked by hand. Collection made 
during the first year contain the highest percentage of 
glycosides. Harvesting should b e accomplished before 
flowering and the leaves must be quickly and thoroughly 
dried at temperatures not exceeding 6Q°C. Sun dried 
leaves retain their activity for a longer peribd. Dried 
leaves after careful packing are shipped for export. 

The active constituents of digitalis are mainly 
confined to the epidermal and subepidermal collenchyma 
and the endodermal cells of the vascular bundles. The 
total concentration of different glycosides in the 
leaves is about one percent. It contains a number of 
chemically and physiologically related cardiac glycosides 
The leaves also contain saponins# tannis# gallic# formic# 
acetic, lactic# succinic and b e nzoic acids and about 1,2 
Per cent of various saturated and unsaturated fatty acids 

The physiologically most active glycosides of 
the leaves of D. purpurea# namely digitoxin# gitoxin 
and gitalin are known to be derived from the naturally 
occuring purpurea glycoside A# purpurea glycoside B and 
Purpurea glycoside C* respectively by the loss of a 
glucose residue. Digitoxin, gitoxin and gitalin. 



on further hydrolysis/ give rise to the non-sugar portion 
(aglycones or genins) d^itoxigenfn, gitoxigenin and 
gitaligenin respectively. It has been reported that the 
aglycones are weaker in cardiac action than the glycoside 
from which they are' derived. Digitoxin is the most 
potent of the digitalis glycosides, its activity being 
1000 times more than that of powdered digitalis. Bigitalin 
is another active cardiac glycoside obtained from the 
seeds of D. pur pure a* 

D.lanata has stronger medicinal properties and 
its side effects are not as toxic as D. purpurea. The 
ac tive glycosides of the leaves are cjigitoxin, gitoxin 
and digoxin/ being derived from the naturally occurring 
or primary glycosides, lanatoside A, lanatoside B 
and lanatoside C respectively (also known as digilands A, 

B and C) . Lanatoside c has no counterpart in D. purpirea. 
On further hydrolysis, digitoxin, gitoxin and digoxin yield 
digitaxigenin, gitoxigenin and digoxigenin. Digbxin 
produces the same cardiac effect as digitalis, being 
300 times more potent chan that prepared from digitalis 
leaves a 

because of its stimulatory action on the heart, 
digitalis is often employed in the treatment of 
circulatory disorders. As it regulates the tone and 
rhythm of the heart beat, the contraction is made strong 
and regular. A s a result more blood is sent out from 
the heart, thus helping in circulation • It is used as a 
myocardial stimulant in congested' heart failure. It 
improves the blood supply to the kidn^sy and* therefore* 
acts as a diuretic and removes renal obstruction. 
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poisoning in human beings results from over- 
doses of the drug. Symptoms include nausea, diarrhoea, 
abdominal pain, gross disturbances in heart beat and 
pulse, various mental irregularities, drowsiness or or 
tremors and even convulsions. 

Ephedra spp. (x « 7) Ephedrine 
Family s'Ephedraceae (Gymnospermae) 

The therapeutical ac tion of Ephedra was known to the 
Chines more chan 5000 years ago under the same *Ma Huang 1 , 
'yellow hemp*. E v en in the V e dic period some of its 
species are beloved to have been used as divine plants. 
Although the alkaloids were isolated in 1805 by Yamanashi 
(ephedrine in pure form was isolated by N.Nagai in 1887)# 
their pharmaceutical Value remained obscure until 1923, 

It was through the work of Drs , K.K.Chen and C.F,schmidt 
that the role of ephedrine as a sympathomimetic was 
discovered. The alkaloid ephedrine physiologically 
and chemically resembles epinephrine (adrenalin) * 
a hormono-liko substance having a stimulatory action 
on the sympathetic nervous system. Since the classical 
research of Chen and his associate, five species of 
Ephedra, namely E, sinica Stapf, E,equisetina Bunge, 

E * gerardiana W a ll.# E. major H 0 st, and E.distachya L. 
have been found to be the chief sources of the drug 
Ephedra is grown on a large scale in China# l n dia, Spain, 
Kenya and Australia, 

The leafless plants have a shrubby appearance 
m resemble the common horsetails, occurring abundantly 
in arid regions (Figure 15,5) . 



220 


* 18 s- 


The potent alkaloid ephedrine Is extracted from 
the dried or fresh branches of the stem. It has been 
estimated that the alkaloidal concentration increases 
with the age of the plant and reaches its peak when 
plants are nearly four years aid, still in flowering. 

Among the I n dian species* major is the richest source 
of ephedrine and contains oyer 2.5 per cent of total 
alkaloids. 

The major alkaloid ephedrine (C 10 H 15 ON) occurs 
in combination with several other alkaloids, such as 
d-and-l-pseudo-ephedrine (isoephedrine) and ephedine. 
Ephedrine# however# constitutes nearly three-quarters 
of the total alkaloids. 

Zephrol containing ephedrine hydrochloride has 
been employed in the form of nasal drops to relieve nasal 
and sinus congestion and also for the treatment of 
bronchial coughs. The use of ephedrine preparations in 
asthma, hay fever and tzolds are very popular. It has been 
also used to control night wetting (urinating shile 
sleeping in children) • When administered intravenously# 
stimulates thesympathetic nervous system and counteracts/ 
overdosages of depressants# thus causing an immediate and 
pronounced elevation in blood pressure. 

Overdosages of ephedrine# however, cause 
headache# sweating, insomnia, nausea and vomiting* 

At present a long list of synthetic derivatives 
of ephedrine are sold on the drug market, e.g* benzedrine 

! r 

dexedrine and^ peryititu They have been used for alertness 
and wakefulness by pilots, motorists and others whose 
occupation requires long hours of physical exertion* 
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T hey also seem to excite and impart thrills to their 
users/ resulting in habituation. 

Papaver somniferum Linn, (n = 11) 

Opium poppy, white poppy 
Family* Papaveraceae 

Opium and its derivatives-particularly morphine and 
heroin are the most dangerous of the habit-forming narcotic 
drugs a nd are most difficult to give up. ? a ken in 
moderate quantities under the advice of a physician, 
they are legitimate remedies and afford relief to 
millions of sufferers. Opiates remain unexcelled as 
hypnotics and sedatives, and are freauently used to 
relieve pain and anxiety? they cause mental and 
physical relaxation and often induce badly needed sleep. 
ht the same time, they have become a curse to mankind 
being smoked, eaten, sniffed or injected by untold 
millions of unfortunate addicts of all religious and 
nationalities all over the world. Addiction to opium 
and its derivatives is so consuming that people become 
slaves to the habit and may commit crimes to support 
it* The immediate effects are pleasurable# inducing 
dreams a n d visions. However# continued use of opium 
and its derivatives leads to physical# mental and moral 
degradation# the addict in due course becoming a victim 
of delirium and death. 

Opium eating was once quite common in Persia 
(now Iran), Asia Minor and India and opium smoking in 
China and India. There are still a great many opium 
eaters and smokers in China, Egypt and India, where 
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opium is grown as a crop* Most drug addicts in the 
W e st today use heroin. Even today, opium dens are 
flourishing throughout the world, although opium consumption 
is illegal# Jn recent years opium addiction has greatly 
diminished owing to strict governmental control of the 
cultivation, distribution and export from the producing 
count ri es • 

Crude commercial opium represents the air dried 
congealed or coagulated latex obtained from the unripe 
capsules of Papaver somniferum, believed to be a native 
of A s ia Minor (Turkey) where it often grows as an escape. 
Opium was known to the ancient Greeks, Romans end Egyptians. 
It had reached Persia# I n dia and China by the eighth 
century* In India# cultivation of poppy began during the 
early sixteenth century and was a profitable article of 
trade* The East India Company in 1767 started a flourishing 
business, exporting opium from India to China* The trade 
developed into auch a great menace that the Chinese 
Government banned the import of the drug* The ban was one 
of the causes of the so-called 1 opium war* of 1839-42 
between Great Britain and China. 

The opium poppy is-also cultivated as an ornamental 
plant in many parts of the world. It is an erect, annual, 
glaucous herb, 30-100 cm tall. Ml plant parts contain 
latex. The leaves are ovate-oblong, with leaf bases 
embracing the stem, and are often shallowly pinnately 
lobed. The flowers are large and showy and are white ° r 
sometimes purple or scarlet in colour (Figure 15.6A) • 

The fruit is a typical capsule developing from a 
multicarpellary ovary having parietal placentation . 
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The capsules are very larre, ovoid or globular and 
topped by the persistent stigmatic disc with deep marginal 
lobes, dehiscing by means of valves or pores (Figure 15. 6B). 
The seeds are small with a minute embryo in an oily 
endosperm. 

J n India, the opium poppy is cultivated as a 
rabi (winter) crop* the seeds being sown in October -November 
and the opium collected the following March-April. Opium 
poppy is grown in almost aLl types of soil but it prefers 
a well-drained sandy loam. The plant cannot tolerate 
extreme cold. 

At present opium poppy plants are extensively 
cultivated in I n dia* Turkey and U.S.S.R. A small amount 
is obtained from Yugoslavia, Bulgaria, Afghanistan, 

Pakistan and Japan. India is the only opium exporting 
nation. Opium poppy is cultivated in the states of 
Madhya Pradesh, Ut' ar Pradesh and R a jasthan. 

To harvest the 1 resin r , incisions are carefully 
made into the maturing capsules from the bottom upwards 
with the help of specially designed tools. During lancing, 
deeper cuts are avoided so as to prevent the flow of 
milky latex among the seeds. The operation is carried 
out in the late hours of evening and before sunset. 

Exudate droplets collect on the surface of the capsule 
and are allowed to remain there overnight. The coagulated 
latex is scraped off before sunrise. Thick latex is stored 
in perforated metallic or earthen pots kept in a slightly 
tilted position to drain off water. Raw opium is then 
dr ied in the sun, which makes it viscid and dark brown, 
developing a characiaristi c odour. The thick mass is 
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kneaded by hand into balls, cakes or opium bricks and 
wrapped in poppy or Rumex leaves for further slow drying. 

Crude opium contains a large number of alkaloids, 
about 35 in all/ besides other components such as gum, 
rubber, resin, oils, moisture, pigments, meconic acid, 
and other extraneous matter. Among the most important 
alkaloids found ares morphine ( c i 7 H ig° 3 N ) ' codeine 
(C 18 H 2 1 © 3 N) , thebaine (C ig H 21 0 3 N) * papaverine (C 2 0 H 21 ° 4 N) ' 
noscapine, formerly called marcotine ( G 2 2 H 23°7 N ^ ' and - 
narceine ( C 2l H 28°a W ^ • 

Morphine is physiologically the most active of 
all the alkaloids? it was isolated in 1806 by Serturner. 
It is the principal alkaloid constituting 3-13 per cent 
of opium by weight. B e ca u se of its sleep and dream 
inducing properties, the alkaloid was named after 
Morpheus, the god of dreams* Morphine is essentially 
an analgesic and sedative. It is well known as a pain 
reliever. H er oi n (diacety lmorphine) is a more powerful 
analgesic than morphine* A large number of new drugs 
with morphine-like activity have now been synthesised, 
prominent among which are; pethidine, dionin, metapon 
and the methadone group. Morphine is also used in a 
number of cough medicines, for allaying diarrhoea and 
vomiting, and to reduce blood pressures nd bleeding. 
Codeine resembles morphine qualitatively, but is 
slightly milder in action as an analgesic. It is used 
in whooping cough medicines as codeine sulphate and 
codeine phosphate* 

The seeds of the opium poppy are, however, free 
from the narcotic constituent and are used in food. 

They are quite nutritious and have a pleasant nutty 



- 823 ?- 


225 


flavour and are often added to cakes or sprinkled on 
bread- The seeds are al s o a source of a fatty oil 
(poppy oil) which is used in India in the preparation of 

sweetmeats/ curr3.es/ etc* 

Rauvolfia serpentina Benth. ex Kurz . (n = 10, 11, 12, 22) 
Rauwolf ia 

Familys Apocynaceae 

The drid roots of Rauvolfia serpentina have long 
Deen used by the people of India as a cure for epilepsy, 
high blood pressure, insanity, intestinal disorders, 
cardiac diseases, snake-bite and as an anthelmintic. 

Some of the active alkaloidal constituents, e.g. ajmaline, 
ajmalinine, ajmalicine, serpentine a nd serpentinine 
were isolated for the first time by the Indian chemists 
Siddiqui and Siddiqui in 1931. Indian rauwolfias have now 
assumed a leading position in modern medicine, especially 
since the isolation of the main alkaloidal constituent, 
reserpine, by Mulle r, Schlittler and Bein of the CIBA 
laboratories, Switzerland in 1952. Reserpine was the 
first tranquiliser to be used for the treatment of 
schizophrenia and other forms of mental disorders. B e^hg 
a hypotensive agent, reserpine is widely employed today 
for hypertension (high blood pressure) . 

The drug rauwolfia is derived from the roots 
(especially the bark) of different species of Rauvolfia, 
Gained in honour of ■'-‘eonhard Rauwolf, a G e rman physician 
the sixteenth century. Five species have been recorded 
ltl India, of which R.serpentina has attained a great 
Mutation as a medicinal plant. R. tetraphylla L. and 
•vomitoria Afsel. are two other species that are used 
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for extracting reserpine in America and Africa respectively* 
The reserpine content of R • vomit or ia is, however, twic that 
of R. serpentina* 

R. serpentina is an upright , perennating, 
evergreen, glabrous undershrub with tuberous roots with a 
characteristic slightly wrinkled and coarse surface. The 
root bark is greyish yellow to brown and displays irregular 
longitudinal fissures- The leaves are simple, glabrous, 
lanceolate or abovate and are generally in whorls of 
three to four, crowding the upper part of the stem- The 
inflorescene is generally terminal but sometimes axillary, 
and usually consists of dense crowded cymes (Figure 15.7). 

R.serpentina grows wild in India, Bangaladesh, 

S r i Lanka, Burma, Thailand, Indonesia and Malaysia. The 
plants is found in almost all parts of X n dia from K e rala 
to the Himalayan foothills, except R a jasthan province. 

It is widely distributed in tire sub -Himalayan tract 
(up to an elevation of about 1000 m) and in the lower 
ranges of the easfern and western ghats and in the Andamans. 
Colfection from wild sources has decreased considerably 
in recent years. Experimental cultivation has been under- 
taken in many parts of the can ntry such as Uttar ^radesh, 
Maharashtra, Bihar, Jammu and Kashmir, Tamil Nadu, K e^ ala ' 
Central India and Gujarat. 

The plant grows in tropical or sub-tropical 
regions, benefiting from the monsoon .rains. Jt may be 
grown almost anywhere at low or medium elevation where 
rainfall is not less than 75 cm. Rauwolfias flourish in 
hot humid conditions and can be grown both in the open 
and in partial shade* s oils with plenty of humus arid a 
pH 4. 0-6, 3, are desirable f or g ood growth. The plants are 



-s 25: - 


227 


best raided from root-cutf ngs, but seeds and stem 
cuttings can also be used for propagation. 

For commercial exploitation, roots are generally 
gathered two to three years after planting. It has been 
estimated that the alkaloitfal content of the roots 
harvested after the shedding of leaves is far richer than 
the roots dug out in August. After harvesting, the roots 
are cleaned, air-dried and packed for shipment in airtight 
containers • 

The total alkaloid content of the root varies 
from 1.7 to 3.0 percent, of which the bark alone accounts 
for niEfli|ry90 per cent. The leaves and stems contain small 
amounts of alkaloids. A large number of alkaloids (80 or 
more) have been isjlated from various species of Rauvolfia. 
Reserpine ( C 33 H 4Q N 2°9^ Pharmacologically the most 
potent. Other important alkaloids are; reserpin&pe# 
rescinnamine, deserpidine, deserpideine, serpentine/ 
serpentinine, ajmaline, ajmalinine, ajmalicine, isoajmaline, 
rauwolfinine and yohimbine. 

I n addition to the uses of the drug mentioned 
^rlier, it is known to stimulate uterine, contraction and, 
therefore, is recommended for use in childbirth. An 
sy iract of the leaves has also been employed as a cure for 
opacity of the cornea. 

Strychnos nux-vomica L. (n = 12) Nux vomica 
Family- Loganiaceae 

he ^ied tipe seeds of Strychnos form the chief botanical , 

of the valuable alkaloids that have acquired prominence \ 
^ as a poison th a n for medication* The use of Strychnos 
virulent arrow poison. ( curare) has been known since 
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antiquity. The medicinal and toxicological properties of the 
drug are mainly ‘exhibited by the alkaloid strychnine. 

Commercial supplies of the drug are obtained from 
S. nux-vomica, i native of southern Asia and Australia, and 
St. Ignatius's bean (S, ignatii Berg.) indigenous to the 
Philippine Islands. 'At present India, Sri Lanka, Malaysia, 

China and Australia are the chief producing countries. S. toxifera 
Schomb. ex Benth. and S, Caste lnaei Wedd . , are two well known 
sources of arrow poisons in South America. 

The plants are woody vines or small trees which bear 
large berries resembling a mandarin or Chinese orange in shape 
and colour, each fruit containing from three to five greyish 
seeds (Figure 15.8), The seeds are hard, large circular or 
flattened structures having a bitter taste. The silky white 
sheen or lustre of the seeds is due to the presence of many 
closely appressed hairs (Figure 15.9)* 

Seeds are removed from the glutinous pulp either by 
washing or llowing the pulp to rot away. After a thorough 
washing and drying, the seeds ar n marketed. The seeds contain 
a high percentage of alkaloids (1,53-3.42 per cent) and are the 
principal source of the drug. Other plant parts such as old 
roots, wood, bark, leaves, blossom and the fruit pulp also 
contain varying amounts of alkaloids. The major alkaloids are 
strychnine aid brucine. Besides these, the seeds also contain 
small amounts of strychnicine , vomicine, a-colubrine, B-colubrine 
and pseudostrychnine, which occur in combination with the 
glycoside loganin. 

The drug is used for the treatment of nervous disorders 

and paralysis in minute dosages. Higher dosages are employed 

for destroying stray dogs and agricultural pests such as rats, 

rabbits, foxes, etc,, the drug often being fed mixed with 

cereal flour. Strychnine ard other alkaloids function as powerful 

stimulants on the central nervous system, especially of the 

spinal cord. Strychnine has been used as an antidote for 

barbiturate poisoning or other depressants. Since strychnine 

and brucine have a stimulating effect on the gas tro- intestinal 

tract, the drug is often used as a tonic. Higher dosages of the 

drug produce muscular twitching or convulsions and, therefore, 

should be used with utmost caution. , 

Contd . . .P/27* 
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. The fruit pulp is, however, non-poisonous arci is eaten 
L birds, cattle and monkeys. 

jciaviceps purpurea (Fr.) Tul. Ergot 

Ijcomycetes (group Hypocreales) 

The dreaded illness 'ergotism'* caused by the prolonged 
Usunption of ergotised rye bread, stimulated extensive 
jresearch on the biochemical nature of the fruiting body, the 
| EClerotium. Although the cause of the disease was known in 1597, 

[fe important alkaloidal constituent was isolated from the 
[crude drug only in I 906 , Even today, blighted rye grains are 
.eaten by peasants faced with hunger. 

i Commercial ergot represents the dried fruiting body, the 
slerotium, parasiting only the ovary of the developing flowers 
sfSecale cereale L. and other grasses. The sclerotium is a 
orple, dark brown or black, curved cylindrical structure 
ansisting of a pseudoparenchymatous mycelial mass rich in oil 
lobules (Figure 15.10), 

Ergou is a rich source o. a number of pharmacologically 
J cdve alkaloids - derivatives of either lysergic or isolysergic 
cciis. Of the various alkaloids the best known physiologically 
live constituents are; ergotoxine (isolated by Berger and Carr 
a 1906) , having an adrenolytic activity; ergotamine (A. Stoll 
^918), with a therapeutic use in obstetrics and ergonovine 
f*** and Moir i- n 1935), possessing the oxytocic principle. 

all the naturally occurring alkaloids have been synthesised. 
1,1 addition to the alkaloidal fraction, ergot contains sclere- 
lifiD ( a red or violet pigment ), ergosterol, clavioepsin, 

Wmysin, ergoflavm, inorganic salts and large number of 
' )! ’£ and amino acids. 

The older term 'ergotoxine' found in the literature refers 
haloid complex consisting of three alkaloids (ergocry- 
ergocornine and ergocristine) . Ergometerine and 
are synonyms for ergonovine, 

‘ V>stion of smaller dosages of errot everyday over a period of 
,‘ Veral ^eks to a few months . produces gangrenous ergotism 
^rosis of tissues of the extremities^ and convulsive ergotism. 
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Owing to its stimulatory action on the muscular coats 
of the stomach, the intestine, the uterus and the blood vessels, 
ergot has been frequently used in obstetrics for accelerating 
childbirth. It is used extensively to j increase ‘the blood pressure 
(as a hypertensive agent) and also for controlling uterine 
haemorrhage after childbirth. Heavy dosage? of ergot cause 
nausea, vomiting, diarrhoea, and sometimes lead to unconscious- 
ness and collapse. Lysergic acid diethylamide (LSD) , however, 
is one of the worst habit- forming drugs known, and is suspected 
of causing chromosomal abei rations (although unequivocal 
evidence has not yet been produced). 

Commercial supplies of ergot comes chiefly from central 
Europe, Spain, Portugal and from North American sources. 

ANTIBIOTICS 

In the twentieth century, tremendous progress has been 
made in the development of new disease preventing agents - the 
antibiotics. These chemical substances are produced and excreted 
by the livin'- organisms in the course of their metabolism and 
are capable of killing other organisms. These 1 miracle drugs’ 
are chiefly obtained from microorganisms. 

The lowly moulds were employed as healers to relieve 
festering ulcers by the Chinese thousands of years age. Also, 
several centuries ago, North American Indians are known to have 
used both soil and rotting woods for the treatment of would 
infections and healing festered cuts. 

Pasteur and Joubert reported in 1887 that the growth of 
anthrax bacteria was slowed down by contaminating organisms. 
Again in 1889 # Emmerich and Low revealed that a substance 
isolated from Pseudomonas aeruginosia (Schroeter) Migula had a 
similar inhibitory action. But the clinical importance of their 
work remained unrecognised for quite some time. It was only * n 
1928 that Sir Alexander Fleming, a bacteriologist working at 
St. Mary’s Hospital, London, incidentally found that the green 
mould contaminating a culture of Staphylococcus caused lysis 
(dissolution and destruction) of adjacent bacterial colonies 
which were known to cause serious diseases in man (Figure 15*^)* 

Contd. , .P/29* 
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5fter careful experimental studies, he discovered that the 
lysis was dui to a chemical substance produced by the fungus 
(Figure 15. 12). The name » pen ic ill in 1 , after the green mould 
Psnicillium, was given to the drug which won him fame and 
rscognition for his scientific contribution. The discovery of 
penicillin was the forerunner of the modern antibiotic age. 

Fleming’s early work on penicillin was continued by 
Dr, Howard Fiorey, Ernst Boris Cham, N. G. Heatly, and others 
*t Oxford. 'They demonstrated the remarkable power of penicillin 
to control various animal diseases caused by several pathogens 
such 33 Staphylococci, Streptococci and Pneumococci, In 1941, 
tte drug penicillin was first administered to human beings with 
spectacular results. Since that time many antibiotics have been 
developed , 

The original penicillin was simply the filtrate of the 
nutrient broth upon which Penicillium notatura West, was grown. 

’■ttth the collaboration of scientists from the Northern Regional 
t search Laboratory of the United States Department of Agricul- 
ture, Florey, in 1942, succeeded in perfecting techniques for 
the mags production- of penicillin. Selected strains of P. chryso- 
?enum Thom are grown in small culture flasks containing 
standardised corn-stoop liquor and lactose ( s oy abeam- meal for 
- os t actinomycete s). These cultures are, in turn, used to 
inoculate large * seed tanks’ which can be further employed to 
moculate huge vats containing thousands of gallons of nutrient 
rosclii or both. Sterile air is continuously bubbled through the 
mechanically agitated culture medium. After maximum growth of the 
fungus , the nutrient broth is filtered, subjected to solvent 
extraction from which penicillin is precipitated out by suitable 
techniques. Crystallisation, purification, standardisation and 
packaging are done quickly under aseptic conditions. The 
Purified penicillin was found to be a thousand times more potent 
tean Flemirigi s original material and was far more stable. By 
’^5, penicillin become available to almost all hospitals 
throughout the world. One part of pure penicillin in fifty 
' Ullion P^ts of water is sufficient to kill most microbes, 

^ich makes penicillin the physiciaris most potent weapon for 
roany infectious diseases. 
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Penicillin has also been artificially synthesised, s 0 
far, none of the other antibiotics has equalled penicillin 
and it is still the most powerful and least toxic antibacterial 
agent. Today, there are several tvpes (at least a dozen) of 
penicillins, derived from strains of P, notetum and P, chryso- 
genum. Penicillin usually comes from the factory as the 
potassium or sodium salts of penicillin G (benzylpenicillin), 

Today, about 800 or more antibiotics have been described; 
of rhese the penicillins, streptomycin, Chloromycetin 
(chloramphenicol) and the tetracyclines have been widely used 
in medicine. Bacitracin and polymyxin are two of the relatively 
few antibiotics obtained from bacteria. Antibiotics have not 
b:en effective against most virus diseases. Isolation of 
jawaharine from Aspergillus niger van Tieghem (Mitra, 1968) 
created a sensation among research workers because this 
antitumour antibiotic was reported to have antiviral activity, 

Apart from several microorganisms, antibiotics have 
b^en- isolated from some of the algae, lichens, a number of 
flowering plants and also from animal sources. More than half 
of the ■antibiotics discovered are produced by antinomycetes. 

The available space in the text does not permit a detailed 
discussion of individual antibiotics. Only a few of them are, 
therefore, listed, along with data about their discovery. 

Antibiotics are used extensively in veterinary medicine, 
They are used also in livestock feed as a supplement, in the 
treatment of plant diseases, and in the preservation of 
biological material. 
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BUFFER SOLUTIONS * 

Dr# S*K#MOhapatra ^37 
Reader in Chemistry 

Are buffer solutions ? 

Analytical processes involving separation, precipita- 
tion etc* required not only the knowledge of pH of the 
reaction medium but also its rigid maintenance during the 
course of changes* Many biological processes occur at speci- 
fied pH* Enzymes have been found to be most active at a given 
pH value, known as the optimum pH for the particular reaction* 
(For most enzymes it is between 6 and 8). This requires the 
body fluids both extracellular and untracellulai to be 
maintained rigidly within ,such pH limits* Experiments show 
that extracellular blood has pH 7*4 and intracellular blood 
has pH slightly lower than 7*0 These values are rigidly 
maintained inspite of addition of large amounts of acid in 
the form of hydrochloric, phosphoric, sulphuric and lactic 
acid during the normal process of metabolic activities* Carbon 
dioxide generated during oxidation of carbohydrates, fats 
and proteins dissolves in the bllod and forms carboric acid* 
How come then the blood is maintained at specific values? 

C 02 is expelled through the lungs, and a part of other acids 
is excreted by the kidney as wine, while another part is 
neutralised by ammonia synthesized in the kidneys* But large 
fraction of the added acids or alkali (vegetation diets, 
fruits and drugs taken to gastric problems) is neutralised 
by what are known as bug buffer systems built in by nature* 

Experiments show that such systems consist of a mx 
mixture an weak acid or base and one of its salts* and they 
have the ability to resist change in pH when small amounts 
of acids and alkalis are added* 

Mechanism of buffer action : V The mechanism of buffer action 
can be explained by ^taking a buffer system as acetate buffer 
which is a mixture of acetic acid and sodium acetate* When 
an acid is added, the salt reacts with it to form acetic 
acid* 
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CH 3 C68Na +'h c 1— -^CT 3 CeeH + NaCl 

ana when an alkali is added ,'it- reacts with the acid to 
form the salt* , rx( \ 

■CH 3 C00H + NaOH — *CH 3 CGftNa + 

Thus the added acid is removed (neutralised) by the 
salt acid the acid respectively. The acid f orne d does not 
dissociate appreciably in presence of tte salt (common 
ion, effect) * Therefore the hydrogen .ion. concentration 
does not change or pH remains constant. 

Physiologically important buffers ? 

Two-thirds of the buffer ac tivity in vertebrates 
is carried out by phosphate buffer presept in the kidney 
which is a mixture of KH 2 P0 4 tnd Na 2 -HP0 4< KH 2 P0 4 
functions as the weak acid (K a » 6.2 X 10 and Na 2 HP0 4 
functions as the salt and the react ioas are' " * ’ 

h 2 p° 4 " + oh" = -hpo 4 * + h 2 o 

HP0 4 + H + =■ H 2 P0 4 ’ ’ ' 

i The other 4 tl^ird .of the buffer activity is carried 
out by bicarbonate buffer which is a mixture of H 2 C0 3 and 
HC$ 3 behaving as acid and salt respectively# 

HC0 3 “ + H + ^-3 H 2 Co 3 ^ h 2 0 + Co 2 (expelled by lungs) 

H 2 Co 3 + 0H~ = ^HO0 3 ~ + H 2 ;fi) 

In the tissues, the buffer activity is largely 
carried out by the plasma proteins. The amenoacids - 
constituting the proteins can neutralize acids and alkalis 
as follows. 

H,N + - CH - C©0“ + H + . *H,N + - CH - C(30H 

3 1 3 I ' 

R . R 

H 3 N + - CH - ca©" + OfT. — ^ H 2 N - CH - C0Q" + h 2 o 
I * 31 

R - R 



3 esides both deoxygenate a and oxygenated haemoglobin 
which are polyprotic acids (having at least five acid 
groups) can also and do neutralise addqd acids and 
alkalis. 

H Bb + OH*" > Hb~ + H 2 0 

, Hb + H + ^ HHb 

(Haemoglobin ion) 

Buffer range ? 

Each buffer solution functions effectively within 
a small pH range called its range. The pH of a buffer 
solution is given by the Henderson equation. 



pK “ - log K (k_ being the dissociation constant of 
the acid),. Therefore pH of a buffer solution depends upon 
(1) the dissociation constant of the acid and (2) ratio of 
the concentration of salt and acid. When the ratio is 
10,' 1 pH = pK a + log 10 * pK & + a and when the ratio is 
I s 10, pH = pK - 1 , When the ratio is greater than 10*1 

a 

or less than lslO the effectiveness of the buffer declines* 
Therefore the effective range ' is pK a + 1. Thug acetate 
buffer has an ef fective range from 3.42 to 5.29 pK a of 
acetic acid being 4.76 ; the phosphate buffer has a range 
6 to- 8 pK a of KH 2 P0 4 being 7.21. 

Preparation of Buffer Solutions s 

A buffer solution of a given . strength and, pH can be 
prepared as follows, “bet us say we wish to prepare 0.2 M 
buffer of pH 5.4. First we have to choose an aci&Vhose^ 

P K a is around 5.4 . We refer to the dissociation constants 
of the acids. In this case we can either choose acetic acid 
( P^ a = 4 .76) or better monosodium — citrate' (pK a ®* 4.76) . 

we have to find outfc the ratio of the concentration 
of the acid to the suit by using Henderson's equation 

pH = pK Q + ■ log £|§eP: 3 
5.4 = 4.76 + Ibg^g 


Contd. . .4 
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1 r disodium citratej 
°? [jnon os odium" citrate^ 


or 


rsaltl 


antilog of, 0,64 = 4.365 


Now the buffer to be prepared should be 0.2 M which means 
the total ttbncentrated',' i.e. ,; Salt -+ Acid' must be 0.2 m. 
Therefore 'if the concentration o'f Salt = x M, the 
concentration of -the acid has to be ( 0.2 - X ) M. 


HuncG oVT-H T " 4 ‘ 365 

Or x = 0.8730 - 4.365 x or x(l + 4.365) = 0.8730 


0.3730 _ „ .. 

Or x = T r— 3 g g * ~ = 0.1627 M 

Or jjsalt^ = 0.1627 M 

*» and j^cidj = 0.2 - 0.1627 = 0.0373 M 


'Therefore the amount of salt to be taken is 0,1627 X 237 g 
( mol.wt. of disodium citrate) and amount of acid to be 
taken is 0,0373 X 214 g ( mol wt. of monosodium citrate) 
and the volume made upto 1 litre.. 


Preparation of Buffer solutions of varying pH 
Requirements * 

1. Measuring flasks (500 ml) - 3 

2. Measuring cylinders (400 ml, 50 ml. 25 ml) - 1 each 

3. Reagent bottles - 9 nos. 

4. Weighing bottle or glased paper 

5. Burette - ( 50 ml ) - 1 

6„ Conical flasks (250 ml) - 6 nok. 

Burette stand. 

8. pH meter or Indicator soln. 

9, Mono9odium citrate 

10, Disodium citrate 

11, Sodium hydroxide 

12, Chemical balance with weight box 


Confcd , ■ # #5 
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Procedure s 

(a) Prepare 500 ml each of 0.1 M solutions of 
monosodium and di— sodium citrate* Then prepare a series 
of buffer solution as follows* 

Volof monosodium Vol. of disodium 

citrate soln* citrate soln* 


90 ml 

1 0 ml 

80 ml 

20 ml 

70 ml 

30 ml 

60 ml 

40 ml 

50 ml 

50 ml 

40 ml 

60 ml 

30 ml 

70 ml 

20 ml . 

bo mi 

90 ml 

10 ml 


Measure their pH by any of the methods described in 
the previous unit and note in right column. 

(b) Alternatively/ take 25 ml of the monosodium 
citrate and neutralise to 10#, 20%, 30# . a „.to 90% 
by a standard alkali. 


some aqueous buffer solutions 


(1) Acetate Buffer 

(a) acetic acid (0.2 M) 

Dilute 28.5 ml of glacial acetic acid to 
1 litre. This gives an approximately 0.5 M 
solution. Standardise this acid with 0.5 M 
NaOH solution and determine the exact strength. 
Then prepare an exacctly 0.2 M solution of 
acetic acid by using the formula X S^= ^^2 

(b) s odium acetate (0.2 m) 

Dissolve 16.4 g of sodium, acetate in 1 1 
of distilled water. 


- Contd ... 6 
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1, of acetic 
acid 

Vol. of sodium 
acetate soln. 

PH 

" 94 

6 

' 3.5 

82 

18 

4.0 

56 

44 ' 

4.5 

30 

70 

ft 

5.0 

20 

80 

5.2 

12 

88 

5,5 

10 

90 

5.6 

(2), Phosphate Buffer 



(a) 0.025 M KH 2 P0 4 

Dissolve '3.4 g of Kh 2 P0 4 in 11 distilled uat, 

(b) 0*025 M Ma 2 HP0 4 

Dissolve 4.0 g of Na 2 HP0 4 . HjO in 1 ltr. 
distilled water. 

Equal volumes of (a) and '(b) gives 
a buffer solution of pH 6.05. 

Variation of pH in the range 5.05 to 
7.0 can be made by varying amounts of the 
two solutions as in the case ff acetate 
buffer pH can either be measured or 
calculated from Henderson's equation. 

Note * The number of molecules of water of 
crystallization on the sample and take them 
into account in calculating molecular weight. 
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, , M.P. Binhu 

A century age a German debtor, Rcber, Koch, became- 
fascinated by millions cf red- shaped bacteria in his microscope 
^eld Could they be the cause cf the dreaded anthrax that was 
killing hundreds of cattle and sheep throughout Europe. He dapped 
sharpened wooden ‘splints' in to seme cf ’the fluid from diseased 
animals and carefully insected the splints into his laboratory 
mice. In the morning the mico were all' dead, and in their bleed 
v as the same kind cf red-shaped baeteria, providing evidence that 
these bacteria could indeed cause disease resembling anthrax. 

The procedures which Dr. Koch followed in providing evidence that 
bacteria associated with animals dead with anthrax were actua- 
lly .the cause cf that disease have become known as Koch's 
postulates er Rules cf Proof cf pathogenicity. By these pro- 
cedures many diseases cf human and animals have been shewn tc 
he caused by specific microorganisms. Likewise, they have been 
utilised routinely by plant pathologists tc preve that bacteria, 
and fungi' cause disease in plants. 

A plant becomes diseased where an interaction between 
the plant and disease causing crganism(micrc-cr-ganism)results 
in the impairment cf the normal physiological functions' cf the 
plant. The severity cf the disease cr the extent cf the inter- 
action is d function cf the influence cf environment on the 
development cf the plant, on the activities cf the microorganism 
and cn the interaction between the plant and the microorganism, 
disease in plants, therefore, embcdiesjmhy biological phenomenc. 
The following steps may be organised in order tc study plant 
diseases. 

1. Collection cf materials (diseased plants) 

A walk' around the 1 vegetable cr flower garden, threugn 
the fields cn in the weeds during the growing season will reveal 
u variety of spot’s and blights cn plant leaves and stems 
(symptoms). Predcminants among these mcladies.are mldews 3 the 
rusts, and the smuts, which are easily neccgrd&ed by the vast 
numbers cf spores produced cn the plant surface * 



Make field trips in the late summer cr late winter ana 
observe plant foliage for mildews, rusts and smuts. Examine lessi- 
in side with a hand lense.fcr the presence .of hyaline chains cf 
spores cf the powdery mildews, for dusty orange cr redish brown * 
spores cf the rusts cr for bra wnish- black masses cf spcres dust ci : 
the smuts, The whitish pcwdery mildews may be found in abundance ^ \ 
lilac, cucumber, grasses cr legumes, Rusts abound ch wheat , Oats, ana* 
grasses, an hollyhocks, and on seme wild flowers. Smuts are lesi 
readily recognised by the casual observer' but the ccmracn smut cf 
corn may be found in nearly every field. 

When you return to laboratory examine the specimens, )j 

V 

microscopically, by cutting hand sections, staining in acid fuchm/ 
cotton blue ftr two minutes and mounting in glycerine. Press seine 
leaf -specimens and dry seme smut galls for future use. 

Expected Re suit s s -The number cf spcres produced by these fungi is 
unbelievable. The pcwdery mildews derive their pame from the H pcvi cry- 
masses cf spcres piled on the leaf surface, In among these masses 
may be found the sexual fruiting bodies cf this fungus, the peritiu. . 
filled with asccspcres. These black structures have beautiful 
dages, easily seen with the stereoscopic microscope, The rusts h/fli - 
variety cf spcres types, all produced by the hundreds in specialise 
fruiting structures.' The black "dust"*cf the smuts, like-wise 
consists cf hundred cf tiny spcres. 

* 

2. Isolation _cf plant pathcgens(Bacteria and fungi) 

Microorganisms suspected cf causing disease in plants must 
first be isolated before pathcgenecity can be demonstrated. The 
techniques used tc isolate organisms vary with nature cf the plant 
tissue invaded and the kind of microorganisms revolved. Many fungi 
and bacteria that cause disease in plants, may be isolated and 
grown 'niculture/pureculture in the class reem 

Procedure ; a) Storage ret ; Wash a fruit cr vegetable ,e.g apple cf 
carrot, that is partially retted. Immerse it in a dilute dis infes- 
tant l70/> alcchcl5fcr five minutes. Damp dry it with paper toweling 
and cut it open tc expose the area between seme retted and healthy 
tissue. Transfer hit cf tissue from this margin tc PDA in petrioi- 
shes,and space '4-5 pieces per plate, if examination fer fungi only 
is desired, air'd twe drops cf 50 # lactic acid tc the plate before 
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* passing the agar. Mere precise methods fer reccveiy-_cf -bacteria 
,aybe use,e.g. the serial dilution technique. Incubate the dishes 
at reem temperature. Start observation after 48 hrs, 

i 

jjj Leaf and'stem lesions ; Collect and wash spotted leaves cr stem 
and immerse 1 . 2 mm squares of tissue from the margin of of a 
diseased area in disnifestant.lt may be necessary tc reduce the 
cf immersion cr strength of disnifestant for this tissue i tc 
I iTcid lulling the causal organisms. Transfer bits cf tissue tc P.D.a. 
and incubate at room temperature.. 

observation; - Start observation after 48 hrs. fungi for bacteria 
present in diseased tissue will grew on tc the agar surface. Bact' - 
ria will be inhibited on acidified PIA. If a particular colony type 
is recovered consistently from diseased tissue cf a certain plant 
it is circumstantial evidence that the organism may have caused ten 
disease. 

3 , ^reparation cf PDA(PGtatc dextrose agar) media 

l 

Requirements 

(a) Distilled cr tap water 1000 ml. 

00 Sliced unpeeled potato 200 gm, 

(c) Agar 20 gm. 

(d) Dextrose 20 gm. 

Irccedure .Occk potatoes in 500 ml cf water for 20-30 minutes. This 
should be half belled. Filter the breth through clean cheese cloth cr 
ordinary cloth tc remove the potato debris. Dissolve the agar in 
another 200ml cf water. If necessary warm the water slightly. 

Dissolve the dextrose in another 200 ml cf water. Mix the hot potato 
filtered broth, the agar solution and the dextrose solution in a 
ICOOml flask, Mix up throughly and add water tc make 1000 ml. Plug 
the flask with ncn-abxrbant cotton and sterilize it in a pressure- 
cecker for 30 minutes. 
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!f, Stains:- 

a) Aeid Msicns 0,5-1.00 gu cf acidfuchsin crystals tt 
be dissclve in water, If necessary may be vanned: 

l 

I ! 

I 

1 I' 

b) Gotten blue in lac tc phenol . ‘ . 

, i 

r 

Lactcphencl solution is prepared and consists cf 20 g® 
phenol (warmed until melted) ,26 ml lactic adid,20 ml glycerin- 
20111 distilled water, Ic cne-nalf cf the lactcphencl scluticn 
is added enough 0,5)1 cotton blue scluticn in distilled water 
tc give a dark colour, 
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CONCEPT ANL CONCEPT TEACHING AND LEARNING 24 7 

AN CVERVIEW 

Dr.'-^.C; panda, 

. _ Lecturer, 

' B.CE , Bhubane swar , 



A concept is a class cf stimuli which have 
common, characteristics. These stimuli are cbjects- 
events cr persons. A concept is ordinarily designated 
by its name such as pencils, bottles, pupil or freedom 
fighters, committed workers, and nasty places'.^ll these 
concepts refer to classes cr categories cf stimuli. 

But some stimuli dc net refer to concepts i.e. 

Subhash Bose, Sarala Das (Adi Kabi) , Tagore's Gitanjali, 
Indc-Pak war cf 1 971^ Annual Beck Exhibition. These are 
particular stimuli (net classes cf), persons cr events 
A concept is net a particular stimulus but a class cf 
stimuli, 4he difference is between all freedom fighters 
and Subhash Bose. The concept freedom fighters includes 
Subhash Bcse,but it includes many ether fighters as well. 
The concept freedom fighters excludes all ctner war 
fighters. -M; is to be remembered that concept dees net 
refer to particular stimuli but tc classes cf stimuli. 

The concept is a very bread cne and it can include 
fighters cf different types whe faught for attaining 
freedom from British rule in various ways. Similarly, 
the concept bottles cf varied sizes, cclcuraticn and 
shapes, pencils, cf different lengths, qualities and 
types. 

Hence concepts are net always congruent with 
cur personal experience, but they represent human attempts 
tc classify cur experience at least crudely. 


Ccntd 


2 /~ 



.Concept attributes! 

An attribute* is a distinctive feature cf a 
concept and thus varies from concept to concept. .Bcr 
example; Red triangles which has two attributes: colour 

t r 

and fcr® or shape. Colour can vary from concept to 
concept and, therefore, qualifies as an attribute, We 
can indeed have red squares, red rectangles, red trapizi^j 
red parallelograms. A concept is lake, The chief attribute 
which distinguishes a'lakS from an ocean and sea, on 
one hand and from a peel ‘and pend, on, the ether hand, 
in size. Size is one cf its major attributes. Size 
qualifies as an attribute because it can vary from 
concept to concept. Of course there are ether attributes 
cf lake. 

1 I , 

Attribute Values - Values are the particular variations 
an attribute may undergo. Colour is an attribute.lt may 
have several values:, red, white, blue, violet, black. 
Similarly form may have several values; rectangles ■ 
squares, rchmbus , quadrangles. Concept vary in the number 
cf values their attributes have. Some concepts have 
attributes with only twe values. A student (a ccncept)can 
be a bey or girl, dead cr alive , 1 married cr single. Other 
concept may, havp attributes with a range of value c cl cur 
cf an orange can vary from red-crange to yellcw-crange. 
The Colour, however, must pet vary sc much that we confuse 
an orange with a lemon cr Mcusumbi cr shaddock. • When an 
attribute has a wide range of values, the ether attributes 
can be used tc identify the concept in question. In 
identifying an orange the attributes cf shape, size and 
texture can also be used. 
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Miimher cf attributes: 


The number cf attributes varies from concept 
tc concept. Bed triangle : has only twc attributes- 
oclcur and form. Small red ‘triangle has thrge 
attributes- size, colour and fcrm. An orange, has four 
attributes-cclcur, size, form and texture. Seme complex 
concepts have a dozen or mere attributes such as 
socialism, human rights, democracy etc. As the number 
cf attributes increases the difficulty cf learning 
cf concept increases. Scanning the values cf a dozen 
attributes is strenuous and time consuming. and 

his associates suggest that tc have easy learning" the 
number cf attributes can be reduced by attending tc 
seme attributes and ignoring ethers cr by combining 
a number cf attributes into a smaller number cf patterns. 


Dominance cf the Attributes ; 

Among the attributes physical location is mere 
dominant than the attributes cf cclcur and form. Also 
colour form concepts such as red triangles are mere 
dominant than number-ccicur concepts such as cne red. 
Thus, dominance refers tc the concept as well as tc its 
attributes. Lcminant concept has dominant attributes, 
learning concepts with dominant attributes with fewer 
examples is earlier than learning concepts with obscure 
attributes. 

Informally , it is observed that students usually 
attend tc certain points in their description cf a 
concept but ignore ether points that are equally . . 
important s In plating the concept cf starrs children may 
attend tc the attribute cf placement /visibility cf 
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celestial bright beetles in the night sky and ignore 
the condition cf twinkling, movement, size, colour etc 
Teachers must give aural or visual emphasis to attributes 
which are obscure and yet important in identifying the 
concept. In defining concepts teachers traditionally 
resert to Vocal inflection, hand and arm gesticulation, 
under "scoring^, diagramming, drawing and sc cn, tc make 
obscure attributes cbvicus cr dominant. Unless this 
emphasis is provided, the student will learn seme 
attributes and net ethers and, thereby, fail tc learn 
the complete concept. 

Types cf Concepts ; 

Attributes combine in three different ways tc 
produce three types cf concepts! Conjunctive concepts, 
disjunctive concepts and relational concepts. . ■ . 

' a) Ccn.i active Concepts ! The appropriate values 
cf' several attributes are jointly present. Ex-'Tiree white 
half-shirts. It has three attributes (number, colour, form, 
joined together and each attribute has a particular value 
(respectively three, white, half-shirts). Ccnjuctive 
concepts’ are eften the easiest tc learn and tc teach 
because ‘cf the additive quality cf their attributes^ 
and values. Attributes and values are added together tc 
produce a ccnjuctive concept. The student simply learn 
a list cf attributes and appropriate values. 


b) Disjunctive Concepts ! It is the cne that can te 
defined in a number cf different ways. Attributes and 
values are substituted fer one another. 

Ex - a) Two figures and/cr twe circles. 

b) Strike 

c) Extra point in feet ball 
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The attributes are form and number and jthe 
value cf the number remains the same. The 'concept is 
disjunctive because the value ci the fcrm can change - 
it can be a circle cr any fcrm. 

Disjunctive concepts are often difficult tc learn 
because cf the seemingly arbitrary equivalence cf their 
attributes. Disjunctive concepts are, in effect, rules 
which the student must learn tc apply tc equivalent 
stimulus situations. But the situations are net equal 
cr equivalent until given the letel. Teachers must 
invest greater effort in the teaching cf disjunctive 
concepts. 

Relational Concept s ; It is the cne that has specifiable 
relationship between attributes. 

Ex- Distance and direction are relational concepts. 

Distance specifies the relationship between two points; 
it refers tc the separation cf these points. Direction 
also specifies a relationship between two or mere points; 
it refers tc the movement from cne tc another point. 

Mere exan$)les - Time, many, few, average, longitude, mass, 
weight, mother, father etc. Relational concepts are mere 
difficult tc learn as the concept dees .net adhere in the 
attributes themselves. but in the' particular relationships 
cf the attributes. This sometimes creates lets cf 
confusion in learning. Icr example, both the concept 
distance and the concept direction have as their 
attributes points in space and time. What distinguishes 
them is the difference in the relationship cf the same 
attributes. 
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What is Principle * 


A principle is a statement cf the relationship 
between twc cr mere concepts, Principles are sometimes 
called rules cr generalisations. 

Ex- a) Riveps flew from' hills tc oceans. 

b) Thirteen minus four equals nine. 

c) The density cf water is mere than oil. 

d) Three dimenticnal objects have six sides 

The following statements are net principles: 

a) Sbyam likes Rahim 

b) Rajiv claims he is stronger than any body 
in India. 

c) Congress wen the last election. 

d) Who is afraid cf Randan Kanan Tigers. 

In the above set cf statements concepts are 
thebe but these do net have relationships; basing cn 
these concepts no rules cr generalization can be made 
only the proper arrangement cf the concepts results in 
satisfactory. learning cf principles. 


\ 

When tc teach concents : 

The teaching and learning cf concepts must he 
related tc the students' level cf intellectual development, 
In teaching concepts during the period of concrete 
.Operations (age 7 tc 11 ), the teacher must" remember 
that the learner's thinking is oriented towards concrete 
objects in the immediate environment, that the child 
relinquishes the physical attributes cf objects one by cne, 
and that each grouping (cr schema) remains an isolated 
organisation. In the period cf formal operations, the 
adolescent child is capable cf hypctheticcdeductive and 
prepositional thinking. 
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Thinking. Although the teaching, cf concepts can and 
dees occur during heth periods, the teaching cf principled ^ 
proceeds mere easily during the later period. Because the 
child's school learning cf concepts is limited by 
his preschool learning, the school must often provide 
corrective experience to exclude irrelevant and 
include relevant attributes. Teacher should be in a 
position to decide on which concepts students should 
learn first and which they should learn later. 

Educational uses cf concents and principles ; 

1) Concepts reduce the complexity cf the environment. 

2 ) Concepts help us tc identify the objects ' 
cf the world around us. 

3) Concepts and principles reduce the necessity cf 
constant learning. 

b) Concepts and principles provide direction for 
instrumental activity. 

5) Concepts and principles make instruction 
possible. 

6) Concepts can be stereotypes. The teach ~r must 

Sometimes provide corrective experience for an 
additional 1 use of concepts: Stereotypes. 

As concepts, stereotypes can '■ sometimes be 
changed when the student is provided with a 
wider array cf positive and negative examples . 
then those which he has previously experienced. 

The Teaching cf Concepts 

The teaching cf concepts ccnfcrm tc the 
component s cf the basic teaching model. The process 
completes through seven steps steps 1 and 2 pertains tc 
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instructional objectives. Step 1 requires a statement 
cf the objective, step 2, a type of task analysis, 

Step 3 provides the student with the appropriate 
entering behaviour. Step V through 6 are specific 
instructional procedures for concept teaching and 
step 7 deals with performance assessment. 

Step 1 - Describe the performance expected c 
of the student after he has learned 

the concept. __ . 

. The expected performance is- the correct identi- 
fication cf new examples of the concept ,1'cr the concept 
'Satellites; the expected performance could be that when 
new examples cf satellites given the learner will correct, 
identify them. The description of terminal behaviour 
requires a performance quite different from rattling cf • 
definition. The point is that the description of the 
expected behaviour should not include the requirement 
that the student give a definition cf the concept. 

Describing terminal behaviour has twc purposes. 
First the teacher has a means for assessing the adequacy 
cf the performance and for determining the need for 
further instruction. The students' expected performance 
clearly indicates to the teacher and tc the students 
the degree cf adequacy the students are tc attain a 
particular time. Second, the students have a way cf 
assessing their own performance and cf determining 
when learning is complete. The students' 1 self-assessments 
then become a way cf generating their cwn reinforcement. 


Ccntd 9/" 



9 


255 


Step. 2 Reduce the number cf attributes tc be learned 
in complex concept and make important 
attributes dominant. ' 

In this step the values, number, dominance and 
relationship cf attributes can be put tc pedagogical 
use. The analysis cf the concept is decided tc teach. The 
determination cf the values and number of attributes can 
be made before instruction is underway, The determination 
cf dominance cf the attributes requires experience and 
observation cf important attributes students are likely 
tc ignore. Then procedures for teaching the concept are 
tc be devised in two ways. Seme cf the attributes can be 
ignored and focus must be on these which the teacher 
thinks most important and/cr the attributes can be ceded 
into fewer patterns. Rut for a complete understanding cf 
the concept, the learner would have tc learn all the 
attributes listed with regard tc a concept. 

Step 3: Provide the student with useful ■ verbal mediators 

The teacher should ascertain the child's 
knowledge of the words uded-as attributes and attribute 
values and his knowledge cf tne relational werds that 
are necessary. This step helps tc see hew the verbal and 
concept learning are related. The learning cf certain 
names cr labels as verbal mediators) and specify type 
cf verbal association' facilities the students' learning 
cf a concept. 

Step 4-s Provide positive and negative examples 

cf the concept , ~ ~ 

A positive example cf a concept is one which 
contains the attributes cf a concept. A negative 
example is one which dees net contain one cr mcr mere 
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cf the attributes. Positive examples cf the concept 
bird are crew, parrot ,pegicn,ccckcc, Negative 
examples are deg, eat, snake, fly, bat, bee. Use cf 
positive and negative examples is a necessary condition 
for the learning cf concepts. ' 

The presentation cf a mixed series cf positive 
and negative examples is usually mere effective than ' 
the presentation cf a purely positive cr a purely negative 
series. Presentation cf only negative examples makes 
concept learning extremely difficult. .As for number, 
enough positive examples to represent the range cf 
attributes and attribute values cf the concept should 
be presented. In the case cf negative examples, at least, 
enough cf these should be presented to eliminate 
irrelevant attributes which students are likely tc 
include as part cf the concept, finally, direct experitntu 
cr realistic examples are usually net preferable tc 
simplified presentations cf the concepts, such as line 
drawings, cartoons, diagrams and charts. These 
presentations help tc achieve the elfects cf step 2, 
which directed tc simplify the learning cf the concept 
by focusing cn its major attributes. 

Steps 5s Present the examples : in close succession 
cr simultaneously 

This step is concerned with the order in which 
the examples as a whole and the types cf examples 
^positive and negative) are presented tc the student. 

The learning condition is contiguity - the almost 
simultaneous presentation cf the examples cf the 
concept. Simultaneous presentation is better because 
the student dees net have to rely upon memory or 
previous examples. In teaching the concept cf deg, 
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it is better to leave in view pictures of cats, birds, horses 
and dogs while presenting new pictures, by this mixtaizetiffi? ^ 
of contiguity and reduction of the information load on 
memory are taken care. 

Step 6* Provide occasions for student responses and 
the reinforcement of these R e sponses* 

In concept learning reinforcement primarily provides 
informational feedback, which enables the learner either to 
separate positive and negative examples and to compose his 
list or to define the relationship of the various attribu- 
tes. The primary purpose of reinforcement is to provide 
informational. feedback to the student on the correctness of 
his responses. Since this feedback is crucial, any inconsis- 
tency, delay or failure to provide it will impair student 
learning. However, because the student knows which terminal 
behaviour he must acquire, he can to some extent monitor his 
own learning. Since reinforcement has motivational aspects, 
negative verbal feedback may impair concept learning by 
discouraging the student from making early guesses which can 
be confirmed. The teacher should remember to focus on the 
reinforcement of the students 1 responses and not on the 
student. The mode of the response should not be shifted, 
at least in the early learning of the concepts. It is quite 
possible, however, that the shift from spoken to written 
responses is less inhibiting than the shift from drawing to 
writing or writing to drawing. 

Step 7s Assess the learning of the concept 

In this step both contiguity and reinforcement are 
provided. This step emphasises generalisation, or the 
ability of the student to make the conceptual response to 
a new but similar pattern of stimuli* If the student is able 
to identify the new example of the concept, hea has learned 
the concept. Tp provide reinforcement the stydent must be 
informed about the accuracy of his response. Several new 
positive and negative examples of the concept are to be 
presented and the student has to select only the positive 
examples. A small amount of practice of the definition, even 
when the students are not told how good the definition is, 
improves the quality of definitions, i/i/hen the definition is 
difficult to formulate special training for formulation of 
concept definition should be imparted*, 
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S.C. Panda 

The whole educational system is directed towards certain 
aims such as utilitarian, cultural, vocational, all round 
development cf the learner and the like. The school educati- 
on programme is only a part cf the total educational pro- 
gramme. However , it plays an important and even a vital role 
in the realisation cf educational aims . 1 What can the school 
education programme achieve? ? 1 the question naturally arises. 

It can achieve only a part cf these hr cad educational aims 
which we refer tc an objective. An objective is a pointer an 
end-view cf the possible achievement in terms cf what a 
student is tc be able tc^dc'When the whole educational system 
is directed towards educational aims. 

Objectives in Measurable Terms 

On the s ether hand, educational objectives, bearing expe- 
riences, and, evaluation procedures are the three instructive 
aspects cf the educational process. Obj ectives play a key 
rcle in the instructional process. They serve as guide fer 
beth teaching and evaluation. Instructional objectives 
determine precisely and specifically what type of pupil 
performance is desired at the end cf the instructional seq- 
uence. Educational objectives have been stated as broad 
and ultimate goals such as exercising the mental functions 
cf reasoning, imagination, and memory. The objectives should 
be stated in terms cf students 1 behaviour that can be obse- 
rved and measured, Arme-d-w-itrhr a clear and specific list cf 
teaching objectives, a teacher may consider the most appro- 
priate procedures for Evaluating progress made towards each 
objectives. He attempts tc test what he has tried tc teach 
by using techniques best suited tc determine hew well each 
objective is attained. 

Classic j catio n cf Instructional objectives 


The instructional objectives have been classified 
hasing on three major domains: cognitive, affective and psy- 
ohcmctcr. it was based upon the assumpaticn that in the pro- 
Cess sharing cf hew information changes usually occur in 
the domains cf cognitive, alf eo&ive and psychcractcr cf the 
learner. 
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The objective,:^ the cognitive .domain are phrased a s des- 
criptions of desired student behaviour - that is in terms cf 
knowledge, understanding and abilities to be acquired, The 
large prcperticn cf educational objectives fall into the 
cognitive domain* The affective domain includes objectives 
that emphasise interests, attitudes and values and the deve- 
lopment cf appreciation and adequate adjustment. Objectives 
in this domain are net stated very precisely and, inf act, 
teachers do net appear to* be very clear about the learning 
experiences which are appropriate tc these objectives. 

The psyehemeter domain is concerned with physical, 
mctcr,cr manipulative skills, 

T'cr further specifications cf the taxeneny cf 
educational objectives each cf the three domains have been 
divided into a number cf hierarchical categories cf beha- 
viours from simple tc complex, icr cognitive domain these 
six ascending levels are knowledge, comprehension, applica- 
tion, analysis, synthesis and evaluation. The five rnajcr 
categories cf affective domain cf the taxonomy of educa- 
tional objectives are s receiving, responding, valuing, 
organisation, characterisation by a value cr value complex. 
And finally seven major categories cf psyehemeter domain 
ares perception, .set , guided response, mechanism, complex 
ever response, adaptation and organisation. 


While preparing instructional objectives it is 
possible tc focus on different aspects cf instruction. 

Cur focus must on the behavioural changes (learning outcome) 
with the pupil which is based on the lear: nlngrexperiences 
provided tc them. 

Criterion for selecting behavioural objectives 

In developing a list of objective' fcT a 
particular c cur se, however , the teacher is still faced 
with the problem cf determining the adequacy of the fin a I 
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list cf objectives. The fell owing list cf questions will 
serve as a criteria fer this purpose. 


1. Do the objectives include all important outcome cf the 
course? 

2. Are the objectives in harmony with the general 
goals cf schools? 

3. Are the objectives in social principles cf learning ? 

4 -. Are the objectives realistic in terms cf the 
abilities cf pupils and the time ^nd facilities 
available ? 

General Instructional objectives , and specific 
learning outcome 

In preparing a list cf instructional objectives 
for a course cf study we have two immediate goals in 
mind. One is to obtain as complete a list cf objectives 
as possible. This is most likely to occur if we fellow 
the procedures for selecting objectives described earlier. 
The other goal is tc state the objectives sc that 
they clearly indicate the learning outcomes that we 
expect from cur instruction. The task cf stating 
instructional objectives is simplified if we constantly 
keep in mind that we are making a list cf intended 
cut comes cf teaching learning situation. 

1) We are net identifying subject matter content but the 
reaction pupils’ are tc make tc this content. 

2) We are net listing the learning experiences cf the 
pupils but the changes in pupils performance resulting 
from these experiences. 

3) We are net describing what we intend tc do during 
instruction but are making a list cf the expected 
results cf that instruction Stating objective in terms 
cf learning outcomes rather than learning process 
admittedly is easier said than dene. If we 
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continually ask ourselves »what should the pupils be able 
tc do at the end of the course or unit cf study, that they 
could net dc at the begining. Then we find that the 
pupils terminal performance has almost automatically 
beccme the (/tenter fecusi We are than in a much better 
position tc state cur instructional objectives in terms 
cf learning cutccm'es* 

A list cf objectives for a course or unit cf study 
should be detailed enough tc clearly convey the intend 
cf the instruction and get general enough tc serve as an 
effective overall guide in planning for teaching and 
testing. This can be most easily accomplished by defining 
objectives in two steps. 

1) Stating the general objectives of-- instruction as 
intended learning outcomes . 

2) Listing under each objective a sample cf specific 'type 
cf performance that pupils are tc demonstrate when they 
have achieved the objective. The procedure would result 
in statements cf general instructional objectives and 
specific learning outcome like the following. 

1. Understands scientific principles 

1.1 Describes the principles in his own words. 

1.2 Identifies exanples cf the principle 

1.3 States tanable hypothesis based on the principles 

1A Distinguish between two given principles. 

1.5 Explain the relationship between two given principles. 

- It is to be noted that the general objective starts 
right off with verb with precise wording directing to 
students outcome and free ct course content. It should be 
unitary and realistic. Similarly It * should be noted that 
specific learning outcome cr. specification is merely a 
sample cf the many specific ways tc realise the general 
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ibjectives. In case cf specification to each statement 
should begin with a verb indicating observable responses. 

The specific learning outcomes are free cf course content, 
realistic, unit ary and stated in precise terms. Action verb 
is a key element in stating the specific learning outcomes 
the selection and clarification cf these verbs play an 
important role in obtaining a clearly defined set cf 
instructional objectives. Ideally we would like each verb 

(i) tc clearly convey cur instruct tonal intent and 

(ii) tc precisely specify the pupil performance we are 
willing tc accept as evidence that the general 
objectives has been attained. Unfortunately some verbs 
convey instructional intent well (e.g. identifies), 
ether are mere effective at precisely specif ifying the 
pupil responses tc be observed ( e.g. encircle s,lables, 
underlines). Where it is necessary tc choose between 
two types it would seen desirable tc select than that 
most clearly convey instructional intent and if needed, 
tc further clarify the expected pupil responses 'in cne 
cf the following ways. 

(a) Add a third level cf a specificity tc the list cf 

objectives, 'll. g. - 

1. Comprehend the meaning cf written material 

1.1 Identifies the main thought in a passage ■ 

1.1.1 Underlines the tcpic/sentence 

1.1.2 Selects the mest appropriate title for the 
passage . 

1.1.3 Writes the main idea cf -the passage. 

(b) Provide' definitions cf the action verb used in the 
specific learning outcomes. D.g. 

Illustrations cf hew tc clarify expected pupils 
responses for selected action verbs. 

Acticnverh Types cf responses 

Identify Point tc, touch, mark encircle, 

match, pick up. 

Name supply verbal label (orally or in 

writing) 

Describe supply a verbal account (orally cr 

in writing) that gives the 
essential categories, properties 
and relationship. 
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ACticnverb 

Crder 


Construct 

Demonstrate 


. 6 - 

Types cf responses 

list in craer, place in sequence, 
arrange , rearrange . 

Draw, make design, assemble, prepare, 
build. 

perform a set cf procedure with or 
without, a verbal explanation. 


(c) Use sample test it e ms to illustrate the intended outco mes. 
* Sullivan, H.J. (1969)stated that these six action verts and 
their synonyms encompass all cognitive learning outcomes in the 
school. 


Summary c f s teps for 1 stating Instructional Objectives 

The final list cf objectives for a 
course, cr unit should induce all import ant learning 
cutccmes(e.g. knowledge, under stanomg, skills, attitude, 
ana should be stated in a manner that clearly conveys 
what pupils are like at the end cf the learning experience. 
The following summary cf steps provides guidelines for 
obtaining a clear statement cf instructional objectives. 

I. Stating the General Instructional objectives 

1. State each general objective as an intended 
learning outcome (e.g. pupils terminal performance ) 

2. Begin each general objective with a verb (e.g. 

knows, applies, interprets)' emit" the pupil should 
be able to 

3. State each general^ objective tc include only cne 
general learning outcome (e.g. not knows and 
understands) , 

k* State each general objective at the proper level 
cf generality (i.e. it should encompass a readily 
definable Ccmain cf responses) stating from eight 
tc twelve general objectives will usually suffice. 
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5 . Keep each general objective sufficiently free cf 
course content sc that it can he used with various 
units cf study. 

6. State each general 'objective sc that there is mini- 
mum overlap with ether objectives. 

II. Stating the specific learning Outcomes 

1. List beneath each general instructional objective 
a representative sample cf specific learning 
outcomes that describes the terminal performance 
pupils are expected to demonstrate. 

2. Begin each specific learning outcome with an 
active(verb that specifies observable, performance 
( e.g. identif ies, describes) . 

3. Check to be sent that each specific learning outcome 
is relevant tc general objective it describes. 

1 f. ; Include a sufficient 1 number cf specific learning 
i outcomes tc describe adequately the performance 
cf pupils who have attained the objectives. 

5. Keep the specific learning outcomes sufficiently 
free from course content sc that the- list can be 
used fer ether units cf the study. 

6. Consult reference materials fer the specific 
components cf these complex outcomes that are 
difficult tc define (e.g. critical thinking, 
scientific attitude, creativity). 

7. Add a third level cf specificity tc the list cf 
outcomes it needed. 
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Table - 1 

Major Categories in the Cognitive Lcmain of the 
Taxonomy cf Educational Cb.ieotive(Blccm.19?6) . 

Lescnpticns cf the Major Categories in the 
N Cognitive Lcmain 

1* Knowledge. Knowledge is defined as the ’remembering cf 
previously learned material* This may involve the recall 
cf a wide range cf material, from specific facts 
tc complete theories, but all that is required is the 
bring^tc mind cf the appropriate information. 

Knowledge represents the lowest level cf learning out- 
comes in the cognitive domain. 


2, Comprehension* Comprehension is defined as the ability 
tc grasp the meaning cf material. This may be shewn by 
translating material from one form to another (words 
cf numbers), by interpreting material (explaining or 
summarizing), and by estimating future trends (pre- 
dicting consequences or effects). These learning 
outcomes go one step beyond the simple remembering 
'Of material, and represent the lowest level cf 
understanding. 


3. Application. Application refers tc the ability tc 
uSe learned material in new and concrete situations. 
This may include the application cf such things as 
rules, methods, concepts* principles, laws, and theories. 
Learning outcomes in this area require a higher level 
cf understanding than these under comprehension. 

k* Analysis. Analysis refers tc the ability tc break 
down material into its component parts sc that its 
organizational structure may be understood. This may 
include tne identification cf the parts, analysis 
cf the relationships- between parts, and recognition 
cf the organizational principles involved. Learning 
outcomes here represent a higher intellectual level 

than comprehension and application because they 
require an understanding cf both the content and the 
structural ferm cf the material. 
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5.' Synthesis. Synthesis refers tic the ability to put parts 
together tc form a new whole. This may involve the 
■ ’ prdcfucticn of a unique communication (theme cr speech) , 
a plan of operations (research proposal), or a set of 
abstract relations (scheme for classifying informa- 
tion). Learning outcomes in this area stress .creative 
behaviours, with major emphasis on the formulation 
, cf.ne-w patterns- or structures. - 


6. Evaluation. Evaluation is concerned with the ability 
tc judge the value of material, (statement, novel, 
poem,’ research report) for a given purpose. The 
judgement are tc be based on definite criteria. These 
may be internal criteria (organization) cr external 
criteria ( relevance tc the purpose) and the student 

A/-.4- . . .Vivm MO +- V-i r a hYiifcnifl n T 1 ViP. iTl VPJ. "hVlfilTI- lSciminK 

cut comes in this area are highest in the cognitive 
hierarchy because they contain elements cf all cf the 
ether categories, plus value judgements based cn 
clearly defined criteria. 


Examples cf General Instructional Objectives and 
Clarifying Verbs fer the Cognitive Domain cf the 


Taxonomy 


illustrative General 
Instructional Objectives 


Knows common terms 
%icws specific facts 
Knows methods & Procedures 
knews basic concepts. 

Kncws principles. 

Understand facts & 
Principles.- — ■’ ' 

Interprets* verbal material 
Interprets charts and graphs 
Translates verbal material 
tc mathematical formulas. 
Estimates consequences 
implied in data justifies 
methods and procedures. 


Illustrative Verbs fer 
Stating specific Learning 

Outcomes — 

Defines, describes, 
identifies, labels, lists, 
matches, names, cut lines, 
reproduces, selects, states. 

Converts, defends, disti- 
nguishes, estimates, 

explains , ext ends , gen- 
eralizes, gives examples, 
infers, paraphrases , 
predicts, rewrites, 
summarizes. 
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Applies principles to new 
situations. 

Applies theories to 
practical situation. 

* i 

Solve mathematical ■ 
problems. 

Constructs charts and 

graphs. 

Demonstrates correct 
usage cf a procedure. 

Changes, computes, demon- 
strates, discovers, mani- 
pulates,' modifies, operates, 
predicts, pre -pares, 
produces, relates, shews, ' 
selves, uses. 

Recognizes unstated assu- 

Breaks down, diagrams', 

ropticns, 

differentiates, discrimi- 

Recognizes logical 

nates, distinguishes, 

fallacies is reasoning 

identifies, illustrates? 

Distinguishes between 

infers, outlines, points 

facts and inferences 

cut, relates, selects, 

Evaluates the relevancy cf 
data 

Analyzes the organi- 
zational structure cf a 
work (art , music, writing) 

separates, sub-divides. 

Writes a well- organized 

Categcrii.es, combines, 

theme. 

ectnpilies, composes, 

Gives a well-organized 

creates, devises, designs, 

speed. 

explains, generates, modi- 

Writes a creative short 

fies, organizes, plans, 

st cry (or poem) 

rearranges , reconstruct s , 

proposes a plan for an 

relates, reorganizes, 

experiment 

revises, re writes, 

Integrates learning from 
different areas into a 
plan fcr solving a 
problem 

summarizes, tells, writes. 

formulates a new scheme 


fcr classifying object e 


(cr events or ideas) 

* 
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judges the consistency cf 
written material, 
judges the adequacy with 
which conclusions are 
supported by data. 

Judges the value ci a work 
(art , music, writing)by 
use cf internal criteria 
Judges ttye value cf a work 
(art , music , writing) by 
use cf, external standards. 


269 

Appraise , ccmpares , concludes , 
cent rast s , criticizes , 
describes, discriminates, 
explains, justifies, 
int erpret s , relates , summarizes , 
supports'. 

■ 1 i 
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Table -2 

Major Categories in the Affective Domain cf the 
Taxcncmv cf Educational 0b.iectives(Krathwc.196 1 f) . 

Description of the Major Categories in the 
Affective Domain 


1. Receiving. Receiving- refers to the. student's willingness 
tc attend to particular phenomena or stimuli (classroom 

activities textbook, music, etc. ).ircm a teaching 

standpoint , it- -is .concerned with getting, holding, 

and directing, the student's 'attention. Learning outcomes 

in tnis area range from the simple awareness that a 

thing exists tc selective attention on the part ~f the 

learner. Receiving represents, the lowest level cf 

learning outcomes in the affective domain. 

2. Responding. Responding refers tc active participation 
cn the part cf the student, At this level he net only 
attends tc a particular phenomenon but also reacts 

tc it in seme way. Learning outcomes in this area may 
emphasize acquiescence in respcnding(reads assigned 
material) , willingness tc respond (voluntarily reads 
beyond assignment), or satisfaction in responding 
(reads fer pleasure. „cr enjoyment,). The higher levels 
cf this cat egciy 'include these instructional objectives 
that are commonly classfied uhd,er interest; that is 
these that stress the seeking out and enjoyment ,pf 
particular activities. 




- 12 - 

3. Valuing. Valuing is concerned with the worth cr value 
a' student attaches tc a particular object.*, phenomenon, 
cr behaviour, This ranges in degree from the mere 
simple acceptence cf a value (desires tc improve group 
skills) tc the mere complex level c t commitment (assumes 
responsibility for the effective functioning of the 
group) . Valuing is based on the internalization cf a 
set cf specified values, but clues tc these values are 
expressed in the student's evert behaviour -Learning 
outcomes in this area are concerned with behaviour that 
is consistent and ( stable enough tc make the value 
clearly identfiable. Instructional objectives that are 
ccmmcnly classified under attitudes and appreciation 
would fall into this category, 

. k* Organization. Organization is concerned with bringing 
together different values, resolving conflicts between 
them, and beginning the building cf an internally 
consistent value system. Thus the emphasis is cn 
comparing, relating, and synthesizing values. Learning 
. . outcomes may be concerned, with the conceptualization 
cf a value (recognizes the responsibility cf each 
indivicLual for improving 1 human relations) ct with the ■ 
organization' cf a value system (develops a vocational 
plan that satisfies his need for both economic security 
and social service). Instructional objectives relating 
tc the development cf a philosophy cf life would 
fall into this category. 

5« Characterization by a value complex. At this level cf 
the affective domain, the individual has a value system 
that has controlled his behaviour fer a sufficiently 
long time fer him tc have developed a characteristic 
life style. Thus the behaviour is pervasive, consistent 
and predictable. Learning outcomes at this level cover 
a bread range cf activities but the major emphasis? is cn 
the fact that the behaviour is typical cr character 
ristic cf the student. Instructional objectives that 
are concerned with the student's general patterns cf 
adjustment (personal, social, emotional) would be appro- 
priate here. 
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Examples of General Instructional Objectives and 
Clarifying Verbs for the Affective Domain 
of the Taxcncniy 

Illustrative General Illustrative Verbs for stating 

Instructional Objective Specific Learning Outcomes 

Listens attentively Asks, cheeses, describes, 

Shews awareness of the fellows, gives, holds, 

importance of learning identifies, locates, names, 

Shews sensitivity tc see- points to, selects, sits 

ial problems erect, replies, uses. 

Accepts differences of 
race and culture 

Attends .closely tc the 

classroom activities. 

Completes assigned hpme*/ ^Answers, assists, complies, 
Qbeys.sdbccl rules . conforms, discusses, greets, 

Participate in class helps, labels, performs 

discussion practices, presents, reads, 

Completes Laboratory work recites, reports, selects, 

Volunteers fer special tells, writes* 

tankas shews interest in 
Enjcys helping ethers. 

Demonstrates belief in/ Completes, describes, dif la- 
the democratic process, rentiates, explains, fellows, 
Appreciates good litera- forms, initiates, invites, 
ture(art or music) ,Appre- join's, "justifies, proposes, 
dates the role of sci- reads, reports, selects, 
ence(cr ether subjects) shares, studies, wcrJiS 
in everyday life shews 
concern for the welfare 
cf ethers. Demonstrates - 

Problem-solving attitude 
Demonstrates commitment 

tc social improvement. ; 
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Recognizes the need for 
balance between freedom 
and responsibility in a 
democracy, Recognizes the 
role of systematic 
planning in solving problem. 
Accepts responsibility for 
own behaviour. Understands 
and accepts own strengths 
and limitations. - 
Formulates a life plan in 
harmony with his abilities 
interests, and 'beliefs. 


Adheres, alters, arranges, 
Combines, compares, completes, 
defends, explain s , generaliz e s , 
identifies integrates , 
modifies, orders, organizes, 
prepares, relates, synthesizes 


Displays safety conscious- 
ness. Demonstrates self- - 
reliance in working in- 
dependently. Practices 
Cccperaticn in group activi- 
ties. Uses objective 
approach in problem' 
s clving . Demon st rat c s 
industry and self-discipline 
Maintains good health habits,. 


Act s , di scriminat e s , di splay s , 
influences, list ens, modifies 
performs, practices, process, 
qualifies, questions, revises, 
serves , selves , uses ,verities. 


Table -3 

A Classification of Educational Objectives in the * 
Psychcmctcr Domain' (Simpscn.1972)_ . 

Description Gf-the Major 1 Categories* in the 
Psychcmctcr Domain 

1. Perception. The first level is concerned with the use 
cf the sense organs tc obtain cues that guide meter _ 
ac-tivity.This category ranges' from sensory stimula- 
tion (awareness of a stimulus) , through cue selection 
(selecting task- relevant - cues) ,tc translation (relating 
cue perception tc action m a performance). 

2*. Set. Set refers tc readiness tc take a particular type 
of' action. This category includes mental set (mental 1 
readiness tc act) , physical set (Physical readiness 
tc act) and emotional set (willingness' tc acat ). . - 
B&rcepticn cf cue’s serves as an important prerequisite 
for this* level. 



3. Guided Response. Guided response is concerned with the 
early sages in learning a complex skill. It includes 
imitation (repeating an acat demonstrated by the 
instructor) and trial and error (using a multiple- 
response approach to identify an appropriate response). 
Adequacy of performance is judged by an instructor cr 
try a suitable set of criteria. 

4.. Mechanism. Mechanism is concerned with performance 
acts where the learned responses have beccnie ’ 
habitual and the movements can be performed with seme 
confidence and proficiency. Learning outcomes at this 
level are concerned with performance skills of various 
types, but the movement patterns 'are less complex than 
at the next higher level. 

u — — — 

J 

J. Complex Overt Repcnse.— Complex Overt, Response is 
concerned with the skillful performance, cf meter acts 
that involve complex movement patterns. Rrcficlency is 
indicated by a quick, smooth-, accurate performance, 
requiring a minimum cf energy. This category includes 
resolution cf uncertainity (performs without hesitation) 

- and automatic performance (movements are made with 
ease and geca music control). Learning outcome at 
this level include highly coordinated motor activities. 

6 . Adaptation, Adaptation is concerned with skills that 
are sc well developed that the individual can modify 
movement patterns to fit special requirement cr to 
meet a problem situation. 


7 * Origination. Origination refers to the creating cf new 
movement patterns to fit a particular situation cr 
specific problem. Learning outcomes at this level 
emphasize creativity based upon highly developed skills, 
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Example cf General Instructional Objectives and 
Clarifying Verbs for the psychcmctcr Domain. 


Illustrative General 
Instructional Objectives 

Illustrative Verbs for Static 
Specific Learnina cutcr.mea 

Recognizes -malfunction by- 

sound cf machine. 

Relates taste cf ' food to 

need for seasoning 

Relates music to a particular , 
dance step. 

Cheeses , de scribe s , detect s , 
differentiates, distinguishes, 
identifies, isolates, relates, 
selects, separates. 

-knows sequence cf steps in 
Varnishing weed 

Demonstrates proper bodily- 
stance for batting a'“ball 

Shews desire to type 
efficiently. 

Begins , di splays , explains , 
meves, proceeds, reacts, 
responds, shews, starts, 
volunteers.' 

Performs ’a golf swing as 

demonstrated 

Applies first aid bandage as 
demonstrated 

Determines best sequence ‘ 
for preparing a meal. 

a s sembl e s , buil ds , calibrat e s , 
constructs, dismantles, 
display s,di sect s, fastens, 
fixes, grinds, heats, mani- 
pulat e s , measure , mends mixe s , 
organizes, sketches. 

Writes smccthly and legibly 
Sets up laboratory equipment 
Operates a slide projector 
Demonstrates a simple dance 
st ep. 

(Same list as for Guided 
Response) . 

Operates a power saw skillfully (Same list as for Guided 

Demonstrates correct form in Response) 

swimming 

Demonstrates skill in driving 
an automobile 

Performs skillfully on the 

Violin 

Repairs^ electronic equipment 
quickly and accurately. 

Adjusts tennis play to 
counteract opponent’s style 
Modifies swimming strokes 
to fit the roughness 

cf the water. 

Adapts* alters, changes, 

rearranges Reorganizes , 

revises, varies. 

Creates a dance step 

Creates a musical- composition 

Designs a new dress style. 

- Arrange s , combine s , compose > 
constructs , creates , designs » 

originates. , - , - 
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